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TWO NEW FILARIOID NEMATODES FROM ONTARIO BIRDS! 


By Roy C. ANDERSON 


Abstract 


Diplotriaenoides translucidus n.sp. from Seiurus aurocapillus L. differs from 
D. agelaius, D. minutus, and D. hepaticus in having a divided esophagus. Orni- 
thofilaria inornata n.sp. from Hylocichla mustelina (Gmelin) is distinguished 
— — species in the genus Ornithofilaria by the postesophageal position 
of its vulva. 


Introduction 


Filarioid nematodes, constituting a new species, Diplotriaenoides trans- 
lucidus n.sp., were found in the body cavities of 5 of 41 oven-birds (Seiurus 
aurocapillus L.) collected in Algonquin Park, Ontario. The material studied 
is as follows: oven-bird (1) June 16, 1952—1<7 filarioid; (2) June 20, 1952— 
47°, 19; (3) July 28, 1952—1 9 ; (4) August 9, 1953—2 77, 49 2; (5) 


May 13, 1954—1c’. The holotype and allotype were chosen from the 
specimens collected from oven-bird No. 4. 

Ornithofilaria inornata n.sp. was found in one of four wood thrushes 
(Hylocichla mustelina (Gmelin)) collected in Algonquin Park. 


Diplotriaenoides translucidus n.sp. 


(Figs. 1-7) 

Description 

Filariidae Claus, 1885; Diplotriaeninae Skrjabin, 1916; Dzplotriaenoides 
Walton, 1927 (4). Oral opening a dorsoventral slit with delicate circumoral 
membrane. Four pairs of large, flat, submedian, cephalic papillae present. 
Amphids lateral, between papillae. Buccal capsule absent. Anterior end 
with pair of tiny, lateral tridents on either side of esophagus, each communi- 
cating to exterior by pore beside oral opening. Tridents weakly cuticularized 
and difficult to discern. Esophagus clearly divided into anterior, short, 
muscular part and long, broad, glandular part. Cuticle with delicate, 
regular, transverse striations about 10 yu apart. 

1Manuscript received April 6, 1956. 

Contribution from the Department of Parasitology, Ontario Research Foundation. The author 


1s grateful to Dr. Everett E. Wehr of the Animal Disease and Parasite Research Branch, Agricultural 
Research Service, United States Department of Agriculture, for kindly reviewing this manuscript. 


[The June number of this Journal (Can. J. Zoology, 34: 167-212. 1956) was issued 
May 31, 1956.] 
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Figs. 1-7. Diplotriaenoides translucidus n.sp. 


. 1. Anterior end female, lateral view of allotype. 

2. Caudal end male, ventral view of holotype. 

3. Distal end spicules, a = left spicule, ) = right spicule, paratype. 

4. Caudal end male, ventral view of holotype. 

. 5. Caudal end female, lateral view of allotype. 

. 6. Egg, containing differentiated larva. 

. 7. Anterior end female, en face view of paratype. Tridents semidiagrammatic, 
on sketches of tridents at various depths of focus under oil immersion. 


Male (Seven Specimens) 
Length 39 (26-50) mm.,* attenuated at extremities, especially at anterior 


extrem 
of bod 


ity. Maximum width 0.50 (0.43-0.53) mm., attained near middle 
y. Caudal end rounded, not coiled. Nerve ring 0.20 (0.17-0.21) 


mm. from anterior extremity. Muscular part of esophagus 0.26 (0.22- 
0.43) mm.; glandular part 3.6 (3.0-4.4) mm. Total length of esophagus 


* First 


jigure from holotype, the figures in parentheses, the range of male paratypes. 





ANDERSON: FILARIOID NEMATODES 215 


3.8 (3.2-4.9) mm. Maximum width of glandular esophagus 0.17 (0.17- 
0.29) mm. Intestine broad, especially at junction with esophagus. Spi- 
cules morphologically dissimilar, markedly unequal in length. Left spicule, 
1.1 (0.90-1.3) mm., lance-shaped, with groove on posteroventral surface. 
Right spicule twisted twice, 0.71 (0.53-0.66) mm. Both spicules pointed 
distally with membranous tips. Anus circular and, subterminal. Anal 
papillae variable in number and distribution, consisting of two to three 
pairs of small, blunt, protuberances on either side of and behind anus. 
Papillae not symmetrically arranged and often difficult to discern. Caudal 
end of male rounded. 


Female (Six Specimens) 

Length 98 (66-118)* mm., tapering at both extremities. Maximum 
width, 0.72 (0.71-0.81) mm., attained near middle of body. Nerve ring 
0.16 (0.12—0.24) mm. from anterior end. Muscular esophagus 0.31 (0.30- 
0.44) mm.; glandular part 4.5 (4.8-5.2) mm. Total length of esophagus 
4.8 (5.1-5.5) mm. Intestine broad, thin-walled, and wrinkled. Rectum 
atrophied. Anus not patent, only observed in allotype in which it is 
0.040 mm. from blunt caudal extremity. Vulva inconspicuous, opening 
slightly behind junction of muscular and glandular parts of esophagus, 
0.31 (0.40) mm. from anterior end. Vagina long, dividing into two thin- 
walled, opisthodelphic uteri packed with eggs. Eggs oval-shaped, 34 u X 50 yu 
in size, with thick but smooth shells. Embryo short and thick, with several 
rows of tiny spines at anterior end and single row of terminal spines 
surrounding short, blunt tail. 


Host.—Oven-bird (Seiurus aurocapillus Linné). 

Location.—Under peritoneum. 

Locality.—Algonquin Park, Ontario, Canada. 

Type specimens.—United States National Museum Helminthological 
Collection No. 38135. 


Remarks 

Three species of Diplotriaenoides Walton, 1927 have been described 
hitherto, namely, D. agelaius Walton, 1927 (genotype); D. minutus Walton, 
1927; D. hepaticus Walton, 1927 (4). The descriptions of the latter two 
species are based on female specimens only. D. translucidus n.sp. differs 
from D. agelaius, D. minutus, and D. hepaticus in having a divided esophagus. 
The male of D. agelaius, unlike that of D. translucidus, possesses narrow 
caudal alae which support papillae. Moreover, the eggs of D. minutus and 
D. hepaticus are said by Walton to be ‘‘mammillated’’; those of D. trans- 
lucidus are smooth-shelled. 

The tridents of the new species are apparently more weakly cuticularized 
than those of other members of Diplotriaenoides. In D. translucidus these 
structures were observed, with certainty, only in em face preparations where 


*First figure from allotype, the figures in parentheses, the range of female paratypes. 
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it was possible to study their structure by careful focusing under oil immersion. 
The two pores, through which the tridents communicate to the exterior, are 
clearly visible in these preparations, and the channel, through which the 
pointed anterior end of the trident communicates with the exterior, was 
observed in lateral view in flattened specimens cleared in beechwood creosote. 


Ornithofilaria inornata n.sp. 
(Figs. 8-13) 


Description 

Dipetalonematidae Wehr, 1935; Splendidofilariinae Chabaud and Choquet, 
1953; Ornithofilaria Génnert, 1937 (3). Small worms tapering markedly at 
extremities, especially the posterior extremity. Oral opening circular, 
bordered by delicate, circumoral, cuticular ring. Four pairs of submedian 
cephalic papillae. Amphids lateral. Esophagus not clearly divided into 
two parts. Intestine broad and transparent. Cuticle with fine, wavy, 


longitudinal striations. 


Male (Four Specimens) 

Length 6.6 (4.7-5.7) mm.* Tail coiled once. Width of head 0.063 
(0.060-0.069) mm. Width of body at nerve ring 0.081 (0.071-0.080) mm.; 
at anus 0.060 (0.056-0.060) mm. Maximum width 0.13 (0.11-0.12) mm., 
attained near middle of body. Nerve ring 0.16 (0.15-0.16) mm. from 
anterior end. Excretory pore 0.22 (0.20) mm. from anterior end. Eso- 
phagus 0.36 (0.36-0.41) mm.; maximum width 0.036 (0.033-0.034) mm. 
Maximum width of intestine 0.072 (0.047-0.056) mm. Spicules subequal 
and different morphologically, right 0.067 (0.056-0.060) mm., left 0.078 
(0.074-0.078) mm. Caudal papillae absent. Anus opening on slightly 
raised cuticular protuberance, 0.069 (0.052-0.067) mm. from caudal ex- 
tremity. Caudal extremity with pair of lateral, rounded protuberances 
often difficult to discern. 


Female (Two Specimens) 

Length 9.7, 9.7 mm.t Width of head 0.11, 0.11 mm. Width of body 
at vulva 0.15, 0.14 mm.; at anus 0.094, 0.090 mm. Maximum width of 
body 0.17, 0.16 mm., attained near middle of body. Nerve ring 0.10, 
—-— mm. from anterior end. Excretory pore 0.25, -— mm. from anterior 
end. Esophagus 0.40, -— mm. long; maximum width 0.034, -- mm. 
Maximum width intestine 0.052, -—- mm. Minute vulva 0.79, 0.71 mm. 
from anterior end. Vagina about 0.66, -— mm. long, curving forward and 
splitting into two broad uteri in region of esophagus. Vagina and uteri 
packed with microfilarioid larvae. Delicate, transparent envelopes observed 
around microfilariae in posterior parts of uteri. Minute anus opening 0.18, 
0.22 mm. from posterior extremity. 


*The first figure is from the allotype, the figure in parentheses, the range of male paratypes. 
{The first figure is from the holotype, the other from the female paratype. 
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Figs. 8-13. Ornithofilaria inornata n.sp. 


Fic. 8. Anterior end female, laterial view of holotype. 
Fic. 9. Caudal end male, laterai view of allotype. 
Fic. 10. Vulva, lateral view of holotype. 

Fic. 11. Anterior end female, en face view of paratype. 


Fic. 12. Caudal end female, lateral view of holotype. ‘ 
Fic. 13. Microfilaria, lateral view after Giemsa’s stain; a = anterior end, b = posterior end. 
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Microfilaria (Five Specimens, Giemsa’s Stain) 

Exceedingly long and slender with delicate attenuated tail. Surrounded 
by delicate, transparent sheath. Nuclear column composed of two to three 
rows of small, round to oval, nuclei. Cephalic space present. Inner body 
not observed. Length 403-445 (av. = 415) uw; maximum width 5-6 uy. 
Relative positions of fixed points as follows: cephalic space 1.3-1.9 (av. = 
1.5)%; nerve ring 20-23 (21)%; excretory pore 27-35 (30)%; first rectal 
cell (one observation) 63%; anal pore 82-89 (85)%. 

Host.—Wood thrush (Hylocichla musielina (Gmelin)). 

Location.—Body cavity; microfilariae in blood. 

Locality —Algonquin Park, Ontario, Canada. 

Type specimens.—United States National Museum Helminthological 
Collection No. 38136. 


Remarks 
O. inornata is distinct from all the other species of Ornithofilaria in that the 


vulva opens a considerable distance behind the junction of the esophagus 
and intestine. In this respect O. inornata is similar to Paraprocta Maple- 
stone, 1931. In Paraprocta, however, one spicule is nearly twice the size of 
the other and the anus is not patent in the female. 

Ornithofilaria inornata is the eighth species to be placed in the genus 
Ornithofilaria (2). The members of this genus seem to make a reasonably 
homogeneous group. Within it, however, are included species in which male 
caudal papillae are well developed (O. travassosi, O. lienalis, O. brevispiculum, 
O. algonquinensis), others in which they are weakly developed (O. mavis, 
O. fallisensis) (1), and two species in which they are absent (O. stantschinskyi, 
O. inornata). It is assumed, however, that the adaptation of the filarioids 
to a life in tissues has led to the reduction or loss of structures which are 
often well developed in other nematodes. The species in the genus Orni- 
thofilaria, as constituted at present, are considered by the author to exhibit 
various grades in the reduction of male caudal papillae from those species 
in which the papillae are well developed to those in which they are absent. 


References 
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LIFE HISTORY STUDIES ON TAENIA MUSTELAE GMELIN, 1790 
AND THE TAXONOMY OF CERTAIN TAENIOID 
CESTODES FROM MUSTELIDAE! 


By REINO S. FREEMAN? 


Abstract 


Taenia mustelae Gmelin, 1790 (= T. tenuicollis Rudolphi, 1819) is proposed 
as the valid name for the small-hooked cestode from European brown weasel, 
and Taenia martis (Zeder, 1803) n. comb. (= J. intermedia Rudolphi, 1810) is 
proposed for the large-hooked cestode from European marten. T. mustelae 
adults were found naturally in the short-tailed weasel, Mustela erminea, and 
T. martis adults in the pine marten, Martes americana in North America; the 
latter constitutes a new host record. Larvae were recovered from 10 species of 
rodents of which Citellus franklinii, Eutamias minimus, Marmota monax, Tamias 
striatus, Synaptomys cooperi, and Zapus hudsonius are new host records. Experi- 
mental infections produced by feeding 7. mustelae eggs were followed in eight 
species of rodents. In one animal mature scoleces occurred as early as 26 days 
after eggs were fed, yet no fully developed scoleces were present even after 104 
days in another animal in the same feeding. Such feedings of eggs produced 
multiscolex larvae (up to 26 scoleces), or multiscolex and uniscolex larvae 
simultaneously, but never uniscolex larvae exclusively, although these were 
found occasionally in nature. Normal, fully developed scoleces were present 
on larvae 318 days old. Growth of T. mustelae larvae in Peromyscus maniculatus 
and the host reaction is described in detail. Multiscolex larvae from a natural 
infection fed to a mink produced adult T. mustelae. 


Larval tapeworms were encountered in many species of sylvatic rodents 
examined at the University of Minnesota Biological Station, Itasca Park, 
Minnesota, and at the Ontario Lands and Forests Research Station, Algonquin 
Park, Ontario. The most common form was a bladderworm with one to 
several scoleces and a crown of about 50 very small hooks, which, as will be 
shown below, is identified as the larva of Taenia mustelae Gmelin, 1790, of 
various mustelids and is not to be confused with Cladotaenia sp. as suggested 
by various authors (1, 14, 18, 30, 32, 33). Similar larvae and adults were 
referred by other workers (25, 31, 37, 39) to Taenia tenuicollis Rud., 1819. 
Adult T. mustelae were collected from weasels from Minnesota and Ontario, 
and immature T. martis occurred in one marten from Ontario. Larval worms 
were obtained from numerous rodents in Minnesota and Ontario, and from 
a muskrat from British Columbia. In order to study growth and develop- 
ment of the worms, experimental larval infections were obtained by feeding 
eggs, from naturally or experimentally infected weasels or mink, to various 
rodents, and experimental adult infections were produced by feeding larvae 
from naturally and experimentally infected rodents to mustelids. 


1Manuscript received April 9, 1956. ‘ i 
Contribution from Department of Parasitology, Ontario Research Foundation, Toronto, Ontario, 


Canada. 
2The preliminary investigations in Minnesota were undertaken while the author was a Research 


Fellow in the Division of Entomology and Economic Zoology, University of Minnesota, St. Paul, 
Minnesota, U.S.A. 
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Materials and Methods 


Adult cestodes were fixed in hot or cold formalin-acetic-alcohol, aqueous 
Bouin’s fixative, or 10% formalin after ripe proglottides were removed for 
feeding studies; hot 10% formalin produced the best, uniformly extended 
specimens. Whole mounts stained most satisfactorily with slightly acid 
Mayer’s hemalum or carmalum. 


Eggs from proglottides were mixed with food and fed to both laboratory- 
reared rodents and animals which were trapped alive at Algonquin Park. 
Larvae from laboratory infections, as well as larvae from naturally infected 
animals, were fed in carcasses to mustelids. 


Single larvae were inoculated subcutaneously into the rump and intra- 
peritoneally into laboratory mice with a sterile 5 cc. syringe and No. 16 
needle. The larvae, which were removed from experimentally infected hosts 
under sterile conditions, were kept from entering the syringe barrel by a small 
cotton plug placed in the needle cup. 

Early in the survey only the body cavities and surfaces of the viscera of 
wild rodents and insectivores were examined for larval cestodes, but later the 
examination also included the subcutaneous tissues. Cestode larvae were 
usually liberated from the host cyst and examined in the fresh condition, 
when most measurements were taken. Rostellar hooks were studied in fresh 
mounts or in permanent mounts made by dehydrating and clearing the 
rostellum with Beechwood creosote and mounting it in Canada balsam. 


Taxonomy 


Taenia tenuicollis Rudolphi, 1819 is the most commonly accepted name for 
the small-hooked cestode from polecats (= ferrets) and weasels in Europe and 
from mink and weasels in North America. Unfortunately, this isa homonym 
of Taenia tenuicollis (Rudolphi, 1810) Kiichenmeister, 1856 (= Cysticercus 
tenuicollis Rudolphi, 1810, the larval form of Taenia hydatigena Pallas, 1766). 
This has led to confusion in the literature, particularly in cataloguing (8, 27). 
Furthermore, both T. tenuicollis Rudolphi, 1819 and Taenia intermedia 
Rudolphi, 1810, the large-hooked cestode from European marten, appear to 
be synonyms of earlier names. 


The first reference to mustelid cestodes was in 1782 by Goeze (13). He 
reported finding in polecats and martens scallop-jointed tapeworms which 
showed similarity to Taenia serrata Goeze, 1782 of cats and dogs; he did not 
say that they were the same species nor did he erect a new name. He also 
stated, under the discussion of Taenia pusilla Goeze, 1782 of rodents, that he 
recovered from the smallest species of brown weasel a delicate tapeworm 
which was 1 in. long and one sixth of a line wide, but he remained undecided 
as to its proper name. Batsch (3) and Schrank (38) referred to the records 
of Goeze, but added nothing new. Gmelin (12) in 1790, on the basis of 
Goeze’s description, erected Taenia mustelae to include the worms from the 
gut of the weasel, Mustela vulgaris, the marten, M. martis, and the ferret or 
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polecat, M. putorius. The genus Halysis was erected in 1803 by Zeder (42) 
and he assigned to it T. mustelae and erected H. putoriit and H. martis for 
worms originally mentioned by Goeze (13) from M. putorius and M. martis 
respectively. In his diagnosis Zeder clearly restricted the name H. martis 
to the tapeworms from the marten and stated that Gmelin should not have 
included under the name Taenia mustelae the cestodes from the polecat and 
the marten as they were larger worms than those from the weasel. Since 
later workers have confirmed that there are at least two species of cestodes 
which can be considered as normal parasites of these mustelids, and appar- 
ently Taenia hydatigena Pallas, 1766 and Taenia taeniaeformis Batsch, 1786 
occur as facultative parasites, it is difficult to know what species of worm was 
intended for each name. 

Rudolphi (35) described in 1810, under the heading of armed cestodes, 
Taenia intermedia from ‘‘Mustela Martis’’, and, although the description is 
inadequate, he established that this species has large hooks. He left behind 
type material, which was later examined and redescribed by Thienemann 
(40). Rudolphi listed the following as synonyms of T. intermedia: 

Goeze Naturg. p. 350. sub T. serrata. 

Batsch Bandw. p. 143. sub eadem. 

Schrank Verzeichn. p. 36. n. 107. T. serrata. f. martis*. 

Gmel. Syst. Nat. p. 3068. n. 34. sub T. mustelae. 

Zeder Naturg. p. 372. n. 66. Halysis martis. 

Rudolphi concluded that the worm from M. putorius reported by Goeze (13) 
might be classed with this species, but that the worm from M. vulgaris that 
Goeze discussed under T. pusilla appears to be quite unrelated in spite of 
the fact that Gmelin (12) listed the worms from all three species of hosts 
(M. martis, M. putorius, and M. vulgaris) under the name T. mustelae. 

Later in the same volume, under species dubiae, Rudolphi listed Taenia 
putorii (with no author) with the following synonyms: 

Goeze Naturg. p. 350. sub T. serrata. 

Batsch Bandw. p. 143. sub eadem. 

Schrank Verzeichn. p. 36. n. 107. T. serrata. e. Putorit'. 

Gmelin Syst. Nat. p. 3068. n. 34. sub T. mustelae. 

Zeder Naturg. p. 372. n. 65. Halysis Putorit. 
and ‘Taenia Mustelae vulgaris’’ (with no author) with the following synonyms: 

Goeze Naturg. p. 336. sub T. pusilla. 

Batsch Bandw. p. 240. n. 12 inter dubias. 

Gmelin Syst. Nat. p. 3068. n. 34. sub T. mustelae. 

Zeder Naturg. p. 371. n. 64. Halysis Mustelae. 

Rudolphi (35) stated that perhaps 7. putorii was the same as T. intermedia, 
which he had described earlier, but that the identity of ‘‘T. Mustelae vulgaris’ 
remained questionable since Goeze appeared to have had only the fore part of 

3The ‘‘f. martis” has nothing to do with the cestode name and was used by Rudolphi (35) 
to indicate that Schrank listed the hosts under T. serrata in sequence and the sixth (hence f.) was 


“f, Im Marder’. 
‘“e, Putorit” refers to Schrank’s fifth listing ‘‘e Im Iltisse’’. 
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the worm, and that therefore Gmelin was wrong in linking it with the worms 
Rudolphi himself later referred to as T. putorit and T. intermedia. Thus 
Rudolphi (35) was convinced that one species of cestode, and possibly two 
others, occurred in these mustelids. He gave no reason, however, for erecting 
T. intermedia rather than accepting 7. martis (Zeder) for the large-hooked 
form. 

Later Rudolphi (36) gave a synoptic description of T. intermedia as well as 
information on unarmed cestodes from mustelids. He described Taenia 
brevicollis® R. n.sp. from new specimens from Mustela erminea, and Taenta 
tenuicollis R. from new specimens from ‘Mustela Putoriz’”” and ‘‘Mustela 
Vulgaris’. The former name was erected for what he considered to be a new 
species, hence there were no synonyms, but the latter name was for an existing 
species because he listed as synonyms ‘‘Taenia Putorii’”’ and “T. Mustelae 
vulgaris’. Why a new name was proposed for the latter is not explained (any 
more than in the erection of T. intermedia). Thus Rudolphi (36) believed 
that at least three species of cestodes occurred in mustelids, one with strong 
rostellar hooks and two with unarmed rostella. With respect to separating 
these species, he says (freely translated) ‘‘At first sight I should have been 
inclined to identify 7. brevicollis with Taenia intermedia n. 71, but the latter 
differs from it very greatly in respect of the head, the armed rostellum, the 
neck and the leading segments. T. brevicollis, moreover, lacks the dendritic 
ovaries which are observed in Taenia intermedia.’ ‘‘Taenia tenuicollis is 
extremely closely related to Taenia brevicollis, but is distinguished from it by 
the head and neck. There also prevails a resemblance to Taenia intermedia 
n. 71, but the long neck removes this resemblance.’’ It should be added that 
in the synopsis under species dubiae Rudolphi (36) listed, without description 
or figures, Cysticercus talpae Rud. 1819 from the liver of Talpa europaea. 
This bladderworm has been identified by later workers as the larva of Taenia 


tenutcollis Rud. 

Dujardin (10) added to the description of T. tenuicollis, and established that 
this species has small hooks; however, he relied on Rudolphi (35 and 36) for 
his descriptions of 7. intermedia and T. brevicollis. A worm from the marten 
described by Blanchard (4) as ‘‘Taenia de la Fouine’’ was later named Taenia 
conocephala Diesing, 1854, but the superficial description leaves it a species 
inquirenda. 

Further knowledge of the identity of these species and of the broad aspects 
of the life history of T. tenuicollis stems from the work of Kiichenmeister (19) 
and Leuckart (22). Kiichenmeister (19) found in mice a larval tapeworm 
which he named Cysticercus innominatus hypudaei. He did not recognize its 
relationship with 7. tenuicollis, however, and fed it to cats with negative 
results. Leuckart (22) suspected the relationship of this larva with Taenta 
tenuicollis. Kiichenmeister (21) found the same species of cysticercus in the 
liver of Talpa europaea, and showed that Cysticercus talpae, believed to be 


57. brevicollis Rudolphi, 1819 is unavailable since it is a homonym of T. brevicollis Frélich, 
1802, a parasite from Cuculus canorus. 
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hookless by older authors, is identical with C. innominatus hypudaet; Leuckart 
(23 and 24) augmented Kiichenmeister’s conclusions. Braun (5) confirmed 
the work of Leuckart and Kiichenmeister. Additional descriptions of larvae 
are provided by Dujardin (10) and Wolffhiigel (41). 

Thienemann (40) restudied types of the species described by Rudolphi 
which were left in the Vienna Museum, and confirmed the observations of 
Kiichenmeister (19) and Leuckart (22) that T. intermedia Rud. has relatively 
large and characteristic hooks and is readily distinguished from T. tenuicollis 
Rud. and T. brevicollis Rud. Thienemann could find no significant differences 
between the latter two, however, and clearly indicated that they were the 
same species in spite of the fact that the specimens were without hooks and 
in general were not satisfactory for detailed study. Heconcluded: ‘‘Trotzdem 
wage ich es nicht auf Grund des unzureichenden und zur Untersuchung 
wenig tauglichen Materials die Taenia brevicollis einzuziehen, zumal mir der 
betreffende Cysticercus zur Untersuchung fehlt’’. 

Thienemann (40) measured and described three other specimens of the 
small-hooked variety collected by Braun (5) and could not differentiate them 
from Rudolphi’s T. tenuicollis and T. brevicollis material. Thus, from what 
Thienemann said, and from what Rudolphi had said earlier, it would appear 
that T. brevicollis = T. tenuicollis. Baer (2), Cameron and Parnell (6), and 
Joyeux and Baer (17) listed T. brevicollis as a synonym of T. tenuicollis. The 
fact that the hooks of 7. tenuicollis drop off readily caused considerable 
confusion. Baer (2) was of the opinion that the small hooks drawn by 
Leuckart (22) and Dujardin (10) belong to Taenia intermedia, but when 
Joyeux and Baer (16) later found adult worms with small hooks in weasels, 
they proposed the name Taenzia tenuicollis armata Joyeux and Baer, 1934. 
Morozov (28) redescribed Taenia tenuicollis (Rud. 1819) [sic] from ferrets in 
Russia. Hughes (15) erected yet another name T. joyeuxiana Hughes, 1941 
for the small-hooked form. 

Joyeux and Baer (16) found some contracted cestodes in two marten, 
Martes foina, from France. The small hooks were only slightly larger than 
the few hooks which Thienemann (40) found attached to Rudolphi’s type of 
T. intermedia (Table I). The larger hooks which Joyeux and Baer examined 
were considerably larger (Table I), however, so Joyeux and Baer concluded 
that Thienemann (40), and Leuckart (22) before him, had figured and 
measured only the small hooks of T. intermedia. Joyeux and Baer apparently 
disregarded some other discrepancies between their description and Thiene- 
mann’s redescription of Rudolphi’s type (Table I), and established into 
the literature that 7. intermedia had large hooks up to 0.220 mm. long and 
small hooks up to 0.165 mm. long. Romanov (34) described Taenia skrjabini 
Romanov, 1952 from the marten, Martes zibellina, and Dubnitski (9) described 
Taenia sibirica Dubnitski, 1952 from ‘‘Barguzin sables’’. The descriptions of 
the latter two obviously are based on the same species (Table I). Both 
workers compared their descriptions with T. intermedia Rud., but, although 
they did not state their source of information, the measurements they used 
were those given by Joyeux and Baer (16) and not Thienemann (40). Even 
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if one were to assume 7. martis to have as wide a degree of variation in the 
measurements of the scolex as would be necessary for recognition of the worm 
described by Joyeux and Baer (16) as 7. martis, the much greater size of the 
rostellar hooks makes this assumption untenable. TJ. sibirica and T. skrjabini 
agree closely with Thienemann’s description of T. intermedia and all three 
must fall as synonyms (see p. 221) of JT. martis (Zeder, 1803). Dubnitski (9) 
reported that 7. hydatigena has been found in animals of the marten family, 
and it is likely that 7. intermedia of Joyeux and Baer (16) is referable to 
that species. 

The only descriptions of North American mustelid cestodes are those of 
Skinker (39). She redescribed 7. tenuicollis, but believed that T. brevicollis 
should stand as a species inquirenda rather than as a synonym of either 
T. tenuicollis or T. intermedia. Unfortunately she must have misread both 
Thienemann (40) and Rudolphi (35 and 36). Skinker stated: ‘‘Cameron 
(1933) and Baer (1932) considered T. brevicollis as a synonym of T. tenuicollis, 
but Rudolphi (1819) stated that the former was like T. intermedia from which 
he separated it on account of the branched ovary in T. brevicollis; the ovary 
of T. intermedia he described as unbranched”’. Rudolphi (36) stated, in fact, 
that the ovary is branched in 7. intermedia but not in T. brevicollis. Further, 
Skinker claimed that Thienemann (40) ‘. . . concluded that, even in the 
absence of hooks from T. brevicollis it was distinct from T. tenuicollis and 
T. intermedia’’. Thienemann actually stated (freely translated): ‘‘. . . on 
the basis of study of Rudolphi’s materials that Taenia intermedia and Taenia 
tenuicollis are two valid species, which can be differentiated at once from one 
another by the form and armament of the head as well as by the form and 
position of the genital papillae. For Taenia brevicollis, however, no noteworthy 
difference from Taenia tenuicollis has been established aside from a somewhat 
smaller number of uterine branches, so that the supposition lies close that both 
species are to be combined into one.’’ He did not synonymize them, however, 
because he felt he had insufficient material. 

The policy adopted here, with which Mr. A. McIntosh and Drs. E. W. Price 
and G. R. LaRue agree (in litt.) is to adhere strictly to the law of priority. 
It has been established that both Gmelin (12) and Zeder (42) made an attempt 
at diagnosis, although it later took Rudolphi and others to establish more 
clearly the identity of the worms originally named. It is proposed, therefore, 
that the valid name and synonyms for the small-hooked taenioid cestode of 
the small European brown weasel, Mustela vulgaris (= M. nivalis) are: 

Taenia mustelae Gmelin, 1790, p. 3068, No. 34, based on Goeze, 1782, 
p. 336 (13). 

Synonyms: Halysis mustelae Zeder, 1803, 

Taenia Mustelae vulgaris Rudolphi, 1810, p. 197, No. 78, 
Cysticercus talpae Rudolphi, 1819, p. 181, 

Taenia tenuicollis Rudolphi, 1819, partim, 

Taenia brevicollis Rudolphi, 1819, p. 159, 

Taenia tenuicollis armata Joyeux and Baer, 1934, 
Taenia joyeuxiana Hughes, 1941, 
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and the name and synonyms for the large-hooked cestode of the European 


marten, Mustela martis (= Martes martes), are: 
Taenia martis (Zeder, 1803) n. comb., based on Goeze, 1782, p. 350 (13). 


Synonyms: Halysis martis Zeder, 1803 (which is not mustelae renamed as 
stated by Stiles and Hassall, 1912, pp. 54 and 236), 
?Halysis putorii Zeder, 1803, nec. Taenia putorii Gmelin, 1790, 
a bladderworm from the liver of the polecat, 
Taenta intermedia Rudolphi, 1810, p. 168, 
Taenia skrjabinit Romanov, 1952, 
Taenia sibirica Dubnitski, 1952. 

As was shown above there has been some confusion as to the identity of 
Taenia martis. A comparison of the measurements of 7. martis from a pine 
marten, Martes americana (Turton),® from Algonquin Park with measure- 
ments of worms from various authors (Table I), shows that the former, even 
though immature, agree with the descriptions given by Thienemann (40), 
Dubnitski (9), and Romanov (34), rather than with the description given by 
Joyeux and Baer (16and 17). The length of the neck is appreciably longer in 
the worms from North America, but this is not unexpected as in other species, 
e.g. T. mustelae, this character is highly variable. The rostellar hooks on the 
specimens from North America have the typical shape (Fig. 1). This is the 
first record of 7. martis from a North American host’. 


Adult Tapeworms in Mustelids 


Mustelid hosts were examined whenever available for adult cestodes in 
order to obtain specimens for comparative morphological study of adult 
worms and to obtain eggs for feeding experiments. Taenia mustelae were 
collected from a short-tailed weasel, Mustela erminea L., from Minnesota in 
1948, and identical worms were found in four of nine short-tailed weasel 
examined from Algonquin Park in 1952-1954. The remaining mustelids 
examined came from Algonquin Park. Three of six common eastern mink, 
Mustela vison Schreber, contained sexually immature Mesocestoides sp. 
Mesocestoides sp. occurred in two of four pine marten, and one of the two 
infected animals also harbored Taenia martis. Sexually mature T. mustelae 
grew in a ranch mink following the feeding of larvae from mice infected 
experimentally; immature 7. mustelae were produced in two ranch mink and 
a laboratory ferret, Mustela putorius L., after similar feedings. One ranch 
mink became infected following the feeding of T. mustelae larvae from a 
naturally infected mouse. The results of the experimental feedings will be 
discussed more fully below. 

Knowledge of the morphological variation of adult 7. mustelae was 
summarized by Thienemann (40) and Skinker (39), and measurements by the 


®Scientific names of North American hosts from G. S. Miller and R. Kellogg, Bulletin 205, 
U.S. National Museum, 1955. 

7Since this paper was submitted for publication, uniscolex cysticerci, identified as Taenta martis 
on the basis of the rostellar hooks, have been found free in the pleural cavity of two Clethrionomys 
gappert trapped at Algonquin Park. 
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latter are the only measurements extant of this species from North America. 
In the present study directly related adult tapeworms from natural infections 
in weasels, and experimental infections in mink and a ferret afford the 
opportunity to extend our knowledge about variation of this species. A 
summary of the measurements and observations on the morphology of the 
largest worm from each infection is included in Table II. An attempt was 
made to include common measurements used in diagnosis of adult cestodes. 
The worms from mink No. 3, No. 4, and No. 8, and ferret No. 4 were not 
sexually mature, but all possible measurements were included. The worms in 
mink No. 5 grew from larvae that developed from eggs from worms in weasel 
No. 910; worms in ferret No. 4 are similarly directly related to worms from 
weasel No. 475; the exact source of worms in mink No. 3 and No. 4 is not 
known since they were fed larvae resulting from feeding eggs from weasels 
No. 469, No. 475, and No. 510. It is of particular interest to compare the 
measurements of the worm from weasel No. 910 and mink No. 5 to observe 
the relatively wide range of some measurements between the parent and 
offspring. The largest worm from mink No. 5 and weasel No. 475 was 160 
mm. and 148 mm. respectively, before fixation, and 103 mm. and 73 mm. 
after fixation indicates the degree of contraction. Up to five terminal 
proglottides were removed from each strobila before fixation in order to 
provide eggs for feeding experiments, so these measurements are still short 
of the true maximum. The length of the neck and the scolex was difficult to 
determine, since there was a variation in the degree of contraction, and it was 
difficult to determine the posterior limit of the scolex. Thus, length of the 
unsegmented zone was measured from the tip of the rostellum to the anterior 
margin of the first proglottis. A count of the number of testes per proglottis 
was not attempted since sections were not cut. 

The measurements in Table II extend some ranges of measurements given 
by Skinker (39) for T. mustelae from Ontario mink, and, except for the “‘neck”’ 
measurements, are in close agreement with the range of measurements listed 
by Thienemann (40) for European specimens. The unsegmented zone reported 
here from weasels and the ‘‘neck’’ as recorded by Skinker (39) average less 
than half the similar measurement recorded by Thienemann (40), yet on 
the worms from the mink these measurements overlap the range given by 
Thienemann (Table II). A diagnostic feature of the species which is not 
mentioned in the table and which is common to specimens from the three 
sources is the large, protruding, irregularly alternating genital cone or papilla 
containing the conspicuous genital atrium found on the lateral margin of each 
mature proglottis a little anterior to the middle. The largest of the four 
worms from experimental mink No. 5 was only slightly larger than the single 
worm from weasel No. 475, but the region of sexual maturity occurred 
appreciably further caudad in the former. The smaller general size of the 
worms present in the other naturally infected weasels may be the result of 
crowding due to the larger number of worms present, or may be due to a 
difference in host. 
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The ranges of variation listed in Table II overlap the measurements and 
description of Rudolphi’s type of Taenia brevicollis as given by Thienemann, 
as did measurements he gave of worms from another source and which he 
identified as T. tenuicollis. The only difference that Rudolphi found between 
T. brevicollis and T. tenuicollis (= T. mustelae) was a short neck in the former 
and a long neck in the latter, the basis for the respective specific names. If 
this criterion were accepted as valid, then perhaps all worms from the weasels 
should be assigned to T. brevicollis. This would be true for at least one worm 
reported by Skinker (39) also. On the same basis the worms from the mink 
should be assigned to T. mustelae, yet the worms from three of the mink are 
directly related to the worms from the weasels. This difference is at least 
partly due to the degree of contraction of the unsegmented zone, but may 
represent the effect of growth in a different species of host. Since in all other 
respects the worms from North America agree with Thienemann’s description 
of T. mustelae, this is submitted as further support of the conclusions drawn 
earlier in the section on taxonomy. 

The worms described by Morozov (28) as T. tenuicollis from ferrets in 
Russia agree with the description of 7. mustelae given here, except for a 
greater maximum length of the large hooks in the former. 


Larval Forms in Rodents 


A number of wild rodents and shrews from Ontario and Minnesota were 
examined for larval tapeworms. The incidence of infection and the types of 
larvae present in the nine species of hosts that harbored small-hooked bladder- 
worms morphologically identical with Taenia mustelae from experimental 
feedings are indicated in Table III. These hosts, except for Clethrionomys 
gapperi, Microtus pennsylvanicus, and Peromyscus maniculatus, apparently 
constitute new host records (8,27). Records from both Peromyscus leucopus 
and P. maniculatus from Minnesota are grouped under Peromyscus spp., since 
identification of host to species was not certain. The numbers which appear 
in parentheses refer to infections where larvae did not have fully developed 
scoleces. There is a high degree of probability that these larvae are 
T. mustelae, since no other species of bladderworm with which they could be 
confused was encountered. Dr. J. R. Adams of the University of British 
Columbia kindly submitted parts of the liver of a muskrat, collected in the 
Fraser Valley, British Columbia, which contained bladderworms identical 
with those reported here. 

Cestode larvae from natural infections in North America and similar to 
or identical with these reported here have been identified by some workers as 
Cladotaenia sp. (14, 18, 30, 32, and 33), but adequate descriptions or figures 
have not been given. Markowski (26) described and figured larvae of 
Cladotaenia cylindracea (Bloch) from European material which differ funda- 
mentally from T. mustelae. Experimentally produced larvae of Cladotaenia 
sp. similar to those recorded by Markowski were obtained in this laboratory 
recently. These larvae are similar to the armed tetrathyridia of Paruterina 
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spp. which mature in owls. Larvae thought to be Paruterina sp. have been 
found in natural infections also. Results of studies on Cladotaenia sp. and 
Paruterina spp. will be published elsewhere. 

The following hosts from Minnesota harbored no T. mustelae larvae: 3 
Blarina brevicauda (Say), 2 Citellus tridecimlineatus (Mitchill), 24 Erethizon 
dorsatum (L.), 7 Eutamias minimus (Bachman), 8 Microtus pennsylvanicus 
(Ord), 1 Sciurus carolinensis Gmelin, 2 Tamias striatus (L.), and 4 Zapus 
hudsonius (Zimmermann). The following hosts from Ontario contained no 
T. mustelae larvae: 47 B. brevicauda, 1 Castor canadensis Kuhl, 2 E. dorsatum, 
4 Glaucomys sabrinus (Shaw), 1 Microsorex hoyi (Baird), 10 Mus musculus L., 
90 Napaeozapus insignis (Miller), 7 Ondatra zibethicus (L.), 12 Peromyscus 
leucopus (Rafinesque), 4 Rattus norvegicus (Berkenhout), 1 S. carolinensis, 70 
Sorex cinereus Kerr, 3 Sorex palustris Richardson, 4 Synaptomys cooperi Baird, 
and 53 Tamiasciurus hudsonicus (Erxleben). 

The liver was the most common site of T. mustelae infection in all species, 
but occasionally host cysts were found attached to the mesenteries as well in 
Clethrionomys gappert. In Tamias striatus, the host most commonly infected, 
these cestodes were found: in subcutaneous foci, in axillae, and ventral on the 
neck; in the voluntary muscles; in the thoracic cavity, in thymus, attached 
to the pericardium, lung, diaphragm, and lateral pleura; and in the abdominal 
cavity, on the mesenteries, and on and in the kidneys and the liver. Host 
cysts up to 5 mm. in diameter were observed, but those approximately 3 mm. 
in diameter were more common. The host cysts in the liver usually were 
thin-walled and transparent to translucent, with the turgid cestode closely 
applied to the inner face of the host cyst (Fig. 4). Cysts were found almost 
anywhere in the liver varying from those pendant from the periphery to others 
deeply embedded and partly or fully covered by liver tissue. Generally an 
infection was recognizable readily because at least part of the host cyst 
projected out from the liver. One tapeworm bladder per host cyst was most 
common, but as many as 11 larvae, in various stages of development, were 
found in one cyst. Larvae varied from small spherical lacunar stages less 
than 0.5 mm. in diameter with no sign of scolex formation to multiscolex 
larvae 4.5 X 3.5 mm. in maximum dimensions. The multiscolex larvae 
varied widely in morphology, and comparable stages will be described from 
experimental infections. The number of scoleces per bladder varied from 
1 to 21, and some hosts contained only uniscolex or multiscolex larvae whereas 
others had both types present simultaneously. There was a tendency for 
uniformity of scolex number per bladder in any particular host, i.e., mostly 
uniscolex, or around 3 to 5, or 10, or 15, etc., but in a heavy infection extreme 
variations were found if sufficient host cysts were examined. 

The rostellar hooks had the characteristic shape (Fig. 3) with a short and 
sharply curved blade, short, straight to sinuous handle, and long stout guard. 
They varied in total length from 14 to 20 uw, but most commonly were 15 to 
16 win length. The guard, measured from its tip to the point of maximum 
curvature of the blade, varied from 7 to 9 uw in length, and when fully developed 
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had a stout bulb extending from the free end part way up the posterior face; 
frequently this posterior edge was emarginate. The angle between the guard 
and blade generally was as indicated in Fig. 3, but occasionally it was more 
obtuse or acute. In extreme examples of the latter type the guard bulb 
projected beyond the tip of the blade. Anomalous hooks were found, but 
largely these were forms with the handle either stunted, acutely bent, or 
attached to the blade guard at an unusual angle. 





Fic. 1. Large and small rostellar hooks of Taenia martis. 

Fic. 2. A,B,andC. Groups of rostellar hooks of Taenia mustelae from three separate 
scoleces on the same 56-day-old larva from experimentally infected house mouse. 

Fic. 3. Consecutive series of rostellar hooks of T. mustelae from both rows on a single 
scolex of a multiscolex larva from a naturally infected Clethrionomys gappert. 





ae] 
* 
N 


T. MUSTELAE 


FREEMAN: 


OF 
8s 


cs 
s¢ 


oT 
ot 
Asdojyne 


210j9q 
sXeq 


0z ‘29 
os 


Aureyq 
0Z °29 


Aur 
Aur 


Pe} Sa0a]09s 
jo Jaquinu 
azeurxoiddy 


£e7 X9[09s19 [NN 
Q xajOostuy) 
86 dinjeul auoU—]] “ON 
18 xa]OOsI}|NUI—Z "ON 
cor x9j008 [NW 
cor xOpOUSH TN 
(sAep) aeAiRy jo adAT 
DAIL] 

jo a3y 


[equowtiedxy 
jeinjen 


[e}uoWIedxy 
]e}uowTiedxy 


equsuttiadxy 
Jequsuiedxy 
uOT}IajUI 


jeinjeu 410 
[e}usWITIadxy 





SET ‘ON Snypjno1tupm snosKumosag 
SNIDIAS SDIWDT 


TT ‘ON 
‘Z ‘ON Snyppno1uDUM snasKmosag 


¥ ON Snyojno1upm snosKuosag 


¢ ‘ON Snyojno1uDUM snosKmosag 





IPAIL] JO DINOS 


¥ 








‘ON PUI 


8 ON AUT 


Ss 
¥ 
£ 


‘ON UI 
‘ON UI 
‘ON 4UIW 


pay 3S0H] 





LaaaaA AMOLVAORVT 


AI ATAVL 





GNV ANIA HONVA OL SNHXYOMAACAGVTA GAMOOH-TIVAS AO ONIGAAA TNASSAIDNS 





234 CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 


The hooks were arranged in two rows, and supernumerary hooks, if they 
occurred, sometimes appeared to produce a partial third row. Some scoleces 
had an alternation of hook size, with hooks of ca. 16 uw in length in the inner 
row and those ca. 15 uw in length in the outer row, but in the next scolex there 
might be no difference in hook size between the two rows, and rarely longer 
hooks appeared in the outer row. Some scoleces had the bulb at the apex of 
the guard uniformly stouter on hooks in the inner row. The total number of 
hooks per scolex varied from 40 to 64 in the Minnesota material, from 38 to 
42 in the one animal from British Columbia, and from 41 to 84 in cestodes 
from Ontario. The wide range in numbers of hooks per scolex was not 
confined to cestodes from any particular host species. Hooks were not 
necessarily any smaller in total size on scoleces with a large number of hooks 
than those from scoleces with a more limited number. There was a tendency 
for the number of hooks on the scoleces of any particular multiscolex larva 
to be reasonably uniform. 

The fact that some intermediate hosts contain only uniscolex bladders, 
others only multiscolex forms, whereas in yet other hosts both forms occur 
simultaneously is puzzling. Skinker (39) and Locker (25) considered the 
possible existence of two species of worms, but were of the opinion that only 
one species was involved. The tendency toward uniscolex or multiscolex 
bladder formation does not appear to be a response to a particular host 
(Table III, also see Locker (25) ), and experimental evidence to be cited below 
indicates it is not correlated with intensity or age of larval infection. This 
tendency may be a fixed genetic variation, but that also is questionable in 
view of the results of some of the feedings. For example, cestode eggs from 
one weasel produced only multiscolex bladders in 10 Peromyscus maniculatus 
and one Ondatra zibethicus. The larvae from one of the P. maniculatus infected 
mink No. 5 (Table IV), and cestode eggs from this host produced simultaneous 
infection with uniscolex and multiscolex larvae in five Mus musculus. 


Experimental Infections of Mustelids Fed Larvae from Rodents 


Weasel and mink in North America, and related mustelids from Europe 
including the ferret, Mustela putorius, have been reported naturally infected 
with T. mustelae, so it was assumed that these animals would serve as experi- 
mental definitive hosts of 7. mustelae of North American origin. Two wild 
short-tailed weasel, two wild and six ranch mink, and seven laboratory ferrets 
were fed either experimentally produced larvae or similar larvae from natural 
infections, but only four ranch mink and one ferret became infected. Data 
on the source, type, and age of larvae, and time before host was killed for the 
successful infections are included in Table IV. Immature Mesocestoides sp. 
were found in both wild mink. It is possible the Mesocestoides infections 
prevented T. mustelae from becoming established in these two animals. Why 
neither weasel became infected is not known. 

Sexually mature 7. mustelae with eggs occurred only in mink No. 5. This 
host was fed larvae a second time after examination of a sample of larvae from 





FREEMAN: T. MUSTELAE 235 


the first feeding revealed no mature scoleces. The adult worms, most likely 
only 35 days’ old, were found attached in two separate areas along the middle 
third of the small intestine. The terminal proglottides were just approaching 
sexual maturity 58 days after infection in mink No. 8. Mink No. 3 and No. 4 
died 10 days after feeding, but the worms present had increased many times 
in size. This contrasts with the only ferret which became infected, in which 
the worms still showed little or no segmentation or increase in size 40 days 
after infection. Two ferrets were killed 8 and 27 days after larvae were fed 
to them in order to detect whether transitory infections were established, but 
no worms were found. There is no obvious explanation for the low degree of 
success in infecting mustelids, or for the wide differences in the rate of growth 
in the ones that became infected. Mink No. 5 and No. 8 were fed an identical 
diet, and were in excellent coat and flesh condition when killed, so deficient 
nutrition does not suggest itself. 

One objective of this study was to obtain adult worms from feedings with 
multiscolex and uniscolex larvae from natural infections in order to determine 
conclusively if they are the same species. As noted above, ranch mink No. 8 
became infected when fed such uniscolex larvae; however, three ferrets fed 
similar larvae failed to become infected as did two wild weasels, two wild and 
one ranch mink, and one ferret which were fed multiscolex larvae from 
natural infections. The majority of the larvae produced experimentally were 
multiscolex and could not be distinguished from the multiscolex forms found 
in nature. These feedings would appear to confirm that the uniscolex and 
multiscolex larvae found in nature are the same species. 


Experimental Infections of Rodents Fed Eggs from Mustelids 


Eggs of T. mustelae from North America are characteristically elongate and 
taenioid and agree closely in measurements with those given by Thienemann 
(40). The embryo is elongate, from17 X 16 wto21 X 16 yu (fresh material), 
with typical embryonic hooks ca. 8 yw in length. 

T. mustelae eggs, from the four naturally infected weasels from Ontario and 
an experimentally infected mink, were fed to various rodents. <A few of the 
hosts died from the effects of the massive cestode infection, but most survived 
until the time desired for examination. The species of rodents exposed, the 
number infected, the length of time required for scolex formation, and the 
presence of uniscolex and/or multiscolex larvae are indicated in Table V. 

Infection developed in one or more specimens of each species of rodent 
(Table V). No fully developed scoleces were recovered from Tamias 
striatus, Microtus pennsylvanicus, or Tamiasciurus hudsonicus. Most of these 
animals lived for too short a time, however, to produce fully developed 
scoleces. The high percentage of infection in hosts not reared in the 
laboratory, contrasted to the rate of infection in nature (Table III) of identical 
species, indicates that most, if not all, of the infections listed in Table V for 
hosts not reared in the laboratory were experimentally produced. Gmelin 
(12) reported a bladderworm from a ferret in Europe, but 7. mustelae eggs 
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failed to infect the one ferret exposed. Multiscolex and some uniscolex 
bladders, both indistinguishable from those recovered from wild-caught rodents 
(Table III), were found. There were no infections with only uniscolex larvae, 
however, as occurred occasionally in nature. 

Fully developed scoleces were found within 26 days after a mixture of eggs 
was fed to a P. maniculatus, and yet no scoleces were present on any bladder 
from another animal in the same feeding after 104 days. A third animal from 
the same lot had fully developed scoleces on most bladders after 162 days. 
The same irregularity, although not over as wide a range of time, occurred 
among P. maniculatus fed eggs from another weasel, and Mus musculus fed 
eggs from separate sources. Normal, mature, and viable scoleces were present 
in an experimentally infected wild-caught P. maniculatus, an Ondatra zibeth- 
icus, and a house mouse 233, 235, and 318 days respectively after infection. 

Braun (5) fed 7. mustelae eggs to three house mice which were killed 50, 
99, and 123 days after feeding. A fully developed scolex was present in each 
bladder in the 50-day-old infection, but only 2 of 10 bladders in the 123-day-old 
infection had a scolex, so he concluded that retrogressive development 
occurred. Examination of a larger series of mice most probably would have 
shown that he was dealing with normal variation. 

The following description of larval growth and host reaction is based on 
study of living larvae from 10 P. maniculatus that were fed eggs from the 
same source at the same time. Mice of both sexes received the contents of 
one or more proglottides. Two animals succumbed within the first two weeks 
from excessive liver damage and internal hemorrhage, but the others survived 
the massive infection until they were killed for examination over a period 
varying from 14 to 98 days. 

Cestodes were not found in mice earlier than eight days after the feeding 
of eggs, but after this time the infections in the liver and elsewhere were 
readily detected macroscropically. In the nine-day-old infection the liver 
capsule was ruptured owing to the large number of larvae present, probably 
accounting for most cestodes which were encountered in the body cavity. At 
this time the larvae developing in the liver were not yet completely isolated 
into host cysts, and pronounced intraperitoneal hemorrhage occurred. A few 
larvae occurred subcutaneously, also producing hemorrhage, and some were 
in the thymus. The larvae were spherical, slightly elongate, or irregular in 
shape and measured 1.0 mm. in maximum dimension. They either lacked a 
cavity or had a small poorly defined lacuna, but no calcareous granules or 
indication of scolex formation was observed (Fig. 9). Thirteen to 14 days after 
feeding, the larger larvae, which varied from 1.0 to 2.0 mm. in maximum 
dimensions, had a pronounced cavity as well as definite thickenings in the 
bladder wall indicating early development of the future scoleces; no calcareous 
granules were visible (Fig. 9). By the 17th day of development, excretory 
ducts and flame bulbs were noted in the wall of the bladder, and the scolex 
primordia, which now had shallow scolex canals, had calcareous granules in 
and immediately surrounding them. By this time the host had produced a 
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membrane isolating the larva, or groups of larvae, into discrete cysts measuring 
almost 3.0 mm. in maximum dimensions. These host cysts had a thin, 
transparent wall through which larval detail was frequently visible (Fig. 4). 
After 28 days the larger host cysts were over 4.0 mm. in maximum diameter 
and contained irregular turgid bladders up to 3.0 X 4.0 mm. maximum 
dimensions. Now the scolex primordia of the advanced bladders were more 
enlarged, and more opaque from the numerous calcareous granules; no 
rostellum or suckers were present, although the scolex canal was deeper 
(Fig. 9). These primordia projected out from some bladders like warts and in 
others they extended into the bladder cavity. A few bladders had structures 
which looked like pedunculate buds ready to be pinched off. Since some host 
cysts were highly irregular in shape and closely followed the irregular, almost 
dendritic, shape of the larvae it is possible that the host would eventually 
pinch off and isolate some of these larval protuberances into individual 
host cysts. 


After 36 days the larvae varied in scolex development from lacunar stages 
with no sign of scolex development to others with fully developed scoleces 
(Fig. 5). In reflected light, calcareous granules were observed concentrated 
primarily in the projecting pearly-white scolex knobs, the German 
“Kopfzapfen”’, and in the grayish translucent bladder wall immediately 
surrounding them (Figs. 8 and 9); in transmitted light the scolex knobs were 
more opaque than the remainder of the bladder (Fig. 6). After further 
development, or if the bladder was punctured and collapsed, the larva became 
more tenuous, so that it appeared almost dendritic (Fig. 8). The wide 
variation in external morphology, apart from that due to contraction, may be 
due to retrogressive development of the bladder. In extreme conditions 
multiscolex larvae appeared as though numerous typical cysticerci were 
attached to one another only by strands of tissue. 

The suckers varied from 0.093 X 0.063 mm. to 0.125 X 0.083 mm. in 
diameter, and the diameter of the rostellar hook rings, from tips of hooks on 
one side to tips of hooks on the other (Fig. 7), varied from 0.058 mm. to 
0.121 mm., depending on the degree of contraction of scoleces and their parts. 
The small size of the rostellar hooks made them difficult to observe but they 
appeared to follow the same pattern of development as described for other 
species of Jaenia. Their shape was characteristic, although varying some- 
what (Fig. 2), and they measured from 0.012 to 0.018 mm. in total length. 
The guard measured, from a line tangent to top of the blade to the tip of the 
guard bulb, ca. 0.009 mm. Thienemann (40) was of the opinion that the 
notch which occurs at the union of the handle and blade along the dorsal 
edge of the hook might be characteristic of the species. It was present on the 
majority of the hooks examined from experimental as well as natural infections, 
but not on all (Fig. 2). Other variations were observed in the general stoutness 
of the hooks and in the thickness of the bulb at the end of the guard. 
Most hooks that had a thinner hook wall came from scoleces that were not 
fully developed, but variation in the lateral thickness of the guard bulb, viewed 
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dorsally or ventrally, could not be correlated always with chronological age. 
The number of hooks per scolex was variable, but did not reach the extremes 
(from 30 to 84) found in other experimental infections. The number of hooks 
on about one third of some 70 scoleces which were counted fell outside the 
range of 45-65 hooks, so the number per scolex can be considered highly 
variable. 

All animals in this series had some larvae with fully developed scoleces after 
36 or more days of development, except one with multiscolex primordia after 
81 days. The morphology of these scoleces agreed with the description just 
given except for a greater range in measurements. Even after 98 days, how- 
ever, larvae varying from small lacunar stages to fully developed multiscolex 
forms were present. (In another feeding a house mouse had a few lacunar 
stages 318 days after exposure.) The fully developed scoleces were infective 
since some were used successfully to infect mink. 


By the 17th day of development the capsule of the infected host liver was 
intact and not readily broken when handled, although isolation of larvae into 
discrete host cysts was not complete. The liver had a spongy appearance 
and numerous connecting cavities were evident. After 28 days the host cysts 
were better developed and it was possible to open some and count the number 
of larvae. Each cyst contained from 1 to 13 larvae. Some cysts contained 
only lacunar stages, others multiscolex larvae and lacunar stages in varying 
stages of development, and in others all scoleces were fully developed. It 
would seem that most, if not all, of these larvae grew from individual embryos, 
although the likelihood of their being produced by budding or subdivision of a 
single embryo cannot be excluded. As was suggested earlier, the host may 
surround and successfully pinch off protruding parts of some larvae. This 
may explain why occasionally a large host cyst containing a single multiscolex 
larva had surrounding it one or more smaller host cysts each containing a 
lacunar stage larva. Other single uniscolex larvae which were isolated in 
position must have originated directly from an embryo, however. On some 
species of larval cestodes one or more of the six embryonic hooks can usually 
be found near the caudal end of the developing larva, and it is safe to assume 
that if these hooks are found that larva developed directly from an embryo. 
A search was made for these hooks on a large series of 7. mustelae larvae in 
different developmental stages, but since none was found this method failed 
to determine larval origin. It may be that these hooks are lost early in the 





Fic. 4. Host cysts with Taenia mustelae larvae in situ in liver of Peromyscus manicu- 
latus 263 days after infection; note the white ‘‘scolex knobs”’. 

Fic. 5. Live scolex of a fully developed T. mustelae from experimental infection. 

Fic. 6. Live multiscolex T. mustelae larva from a naturally infected Clethrionomys 
gapperi presenting a normal picture with scolex knobs and usual distribution of calcareous 
granules. 

Fic. 7. En face view of rostellar hook ring of 7. mustelae from experimental infection. 

Fic. 8. Group of fixed 59-day-old T. mustelae larvae from the body cavity of Peromyscus 
maniculatus demonstrating variation from compact to almost dendritic condition. 

Fic. 9. Group of fixed T. mustelae larvae from an experimental infection’ varying in 
development from early lacunar stages to fully developed multiscolex larvae. 
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development of the bladder. Apparently an equilibrium between host and 
parasite usually is established after the host cyst is laid down, for even after 
263 days (Fig. 4) the host cyst remains transparent and the larvae are not 
overcome. 

Single larvae were inoculated under sterile conditions into uninfected house 
mice to determine if budding, or an increase in the number of larvae by some 
type of division, occurred. In the first series turgid, translucent lacunar 
stages ca. 1.0 mm. in maximum length were injected into the body cavity of 
11 males. This site was selected since larvae with fully formed scoleces 
occasionally were found intraperitoneally following the feeding of eggs. The 
hosts were killed 43 to 54 days after injection and only one, killed after 43 days, 
was found infected. In this case the larva had been carried back out of the 
body cavity into the subcutaneous space by the abdominal fat which 
occasionally filled the opening made by the injection. This larva had two 
advanced scolex primordia and one fully developed scolex, so growth 
had occurred. 

These disappointing results led to a second series of injections. Larvae 
varying from large lacunar stages to others with fully formed scoleces were 
injected subcutaneously, one larva into the rump of each of eight mice. The 
mice were killed from 30 to 111 days later. The first infected mouse was 
examined 30 days after injection and a single larva with nine scolex primordia 
was found in a clear-walled subcutaneous cyst. The second infected mouse 
was examined 35 days after injection and two larvae with eight and four 
developing scoleces, respectively, were present. Since only one larva was put 
in, was this budding, or was the original larva damaged upon injection in such 
a way that two developing particles resulted ? The scoleces were not fully 
developed but the suckers were present and hooks were in an early stage of 
development. In both cases the scoleces were radially arranged on the 
bladder, much like spokes projecting from a small hub. 

The third and last infected mouse was examined 71 days after injection and 
contained three discrete larval particles. The larvae had two, one, and no 
scoleces respectively, and the three scoleces that were present appeared to be 
fully developed and normal, with 58 hooks. The particle with no scolex had 
a large area densely packed with calcareous granules. Usually one would 
expect to find a scolex present with this large number of calcareous granules. 
All three larvae showed abnormal vesiculation between the cuticle and the 
basement membrane, and these vesicles were not connected with the bladder 
There is no immediate explanation for the cause or result of this 


cavity. 
Only one larva resulting from all the egg feedings, and recovered 


vesiculation. 


from the body cavity, had similar vesicles. It is possible vesiculation may 
result occasionally as a result of growth in atypical locations in the host. 
T. mustelae larvae are able to divide under these artificial conditions, but it 
appears that this process is not comparable to budding that occurs in species 
like Taenia crassiceps. This division may, however, account for some of the 
larvae which occur in host cysts with multiple larvae, although it is unlikely 
that this results in an increase in the total number of scoleces. 
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THE DISTRIBUTION, ORIENTATION, AND ACTIVITIES OF THE 
VARYING LEMMING IN A GRADIENT OF TEMPERATURE! 


By Donatp A. SMITH AND KENNETH C. FISHER 


Abstract 


Comparisons were made of the behavior of individual varying lemmings, 
Dicrostonyx groenlandicus, ina 98 in. aluminum tube with and without a tempera- 
ture gradient established. Normal lemmings with furred soles are the only 
animals tested thus far which did not select a portion of a temperature gradient. 
However, in the same apparatus, lemmings whose soles had been clipped naked 
selected the zone 28°-35° C. This finding indicates that temperature selection 
in these lemmings as possibly in other small mammals tested is brought about 
by stimulation of temperature receptors in the soles of the feet, and that the 
dense fur on the soles of normal lemmings interferes with this mechanism and thus 
with temperature selection. In general the lemmings faced the two ends of the 
apparatus equally. However, there was a marked tendency for lemmings which 
were selecting temperature to orient towards the end from which they entered 
the tube. The frequency and location of non-locomotor activities (resting, 
grooming, attacking, and voiding) in normal lemmings were different in the 
gradient than at room temperature. This implies perception of temperature 
even though selection did not occur. Apparently a temperature perception 
mechanism distinct from that leading to temperature selection is involved in 
these normal lemmings. 


Introduction 


Of the many effects of temperature upon the behavior of animals, one of the 
most fundamental and universal is that which gives rise to temperature 
selection. All animals thus far tested in a suitable range of temperature in a 
restricted space appear to congregate in a certain limited part of the gradient; 
that is, they exhibit ‘selection’ of temperature. 

Such behavior has been recognized in many groups of animals since the 
classical experiments of Mendelssohn (8) and Jennings (6). Although 
poikilotherms have been most studied in this connection, mammals too are 
known to exhibit selection. 

Although the ability to select temperature must be regarded as a very basic, 
generalized character of animals, its biological significance is not clearly 
understood at present. Temperature selection on a short-term basis may or 
may not affect the distribution of animals in nature. At present insufficient 
data are available to evaluate its role in this connection. In any event, the 
fact that probably all animals do select temperature when in an environment 
non-uniform with respect to temperature is one of the factors to be considered 
in studies of the distribution of animals in nature. This is true even when it 
can be shown, as in some insects (Wellington (14)), that the reaction of the 
organism is not to temperature per se. 
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Mammals were first studied in a temperature gradient by Herter (2, 3, 4) 
who described temperature selection in various rodents and bats. Subsequent 
workers, including Herter and Sgonina (5), Kalabuchov (7), Bodenheimer (1), 
Ponomarev (10), and Stinson and Fisher (11), have reported temperature 
selection in other mammals. For a given species there is considerable 
variation between the selected temperatures reported by different workers, 
who however used different sizes and types of gradients. Recently Stinson 
and Fisher (11) examined Peromyscus and Mus individually in four- to eight- 
foot gradients and concluded that selected temperatures are characteristic of 
the species and independent of gradient characteristics. 

All previous studies of temperature selection in mammals have pertained to 
temperate zone species. It seemed of interest therefore to investigate the 
behavior of an arctic form in a temperature gradient. The varying lemming 
was chosen for this purpose. This animal is one of the most abundant and 
widely distributed arctic mammals, inhabiting the tundra from the tree line 
north to the farthest extent of land. 

The observations which were made on the behavior of the varying lemming 
in an experimental gradient of temperature are described herein. Attention 
was directed particularly to the distribution of the organisms in the gradient. 
However, several aspects of the orientation, and the distribution and frequency 
of certain activities of these organisms in the gradient, were also studied, and 
data were obtained concerning the sensory mechanisms by which temperature 
is appreciated. 


Materials and Methods 

A colony of laboratory bred varying lemmings, Dicrostonyx groenlandicus 
(Traill), was established through the courtesy of the Defence Research 
Northern Laboratory, Fort Churchill, Manitoba. Two geographic races were 
represented in the colony. The original stock of D.g. richardsoni (Merriam) 
was collected near Churchill, Manitoba, while that of the typical race, 
D.g. groenlandicus (Traill), originated near Coral Harbour, Southampton 
Island, N.W.T. Adult animals of both sexes of both subspecies were studied. 

The colony room was kept at approximately 15° C. and was subject to the 
normal diel light fluctuations at Toronto. All lemmings were fed daily on a 
diet of fresh carrots, cabbage, and dry oatmeal. Sufficient water was provided 
by the fresh vegetables. Breeding took place in the colony throughout the 
year; this indicates that the diet and accommodation provided were ample 
to supply the needs of the lemmings. 

The apparatus used was basically the same as that used by Stinson and 
Fisher (11). In this apparatus observations were made along a 10} ft. 
aluminum alloy tube with an internal diameter of 33 in. and a 3 in. wall. 
With the exception of an 8 ft. 2 in. by 1% in. lucite window along most of its 
length, the tube was covered with 1 in. felt insulation. The lucite window, 
which permitted observation of animals within the tube, was divided into 
49 2-in. spaces by means of grease-pencil lines. These spaces were known as 
positions and were numbered from 1 at the cold end to 49 at the hot end. 
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The ends of the observation tube were closed by the insertion of closely 
fitting plugs to the outer borders of positions 1 and 49. Each barrier was 
solidly constructed of several disks of wood on a central brass rod and the 
terminal disk which was presented to the animal in the tube was of thick lucite. 

The only illumination in the small, air-conditioned darkroom came from 
ten 40-w. bulbs mounted on the table below and behind the tube. A light 
wooden frame supported at an angle almost parallel to the lucite window and 
14 in. above it bore a strip of white paper 8} in. wide and 9 ft. long which 
reflected light evenly into the entire observation tube. The observer wore a 
dark blue coat during all experiments. 

Each end of the horizontal tube was surrounded and thereby supported by 
a cubic box of copper sheeting for a distance of 1 ft. The ‘cold end’ of the 
tube was cooled to approximately —15° C. at position 1 by contact with slabs 
of solid carbon dioxide filling the insulated copper box, or in later experiments 
to approximately 9° C. at position 1 by the circulation of cooled ethylene 
glycol through a coil of soft copper piping wrapped around the part of the 
tube within the end-box. The ‘hot end’ was warmed to approximately 42° C. 
at position 49 by water heated to a constant temperature of 51° C. filling the 
copper box which supported the end. 

Temperature measurements were made by 13 identical copper—constantan 
thermocouples (constructed of No. 30 B. & S. gauge wire) which were 
permanently taped to the bottom of the outer surface of the aluminum tube 
between the insulation and the tube at 8 in. intervals. Floor temperatures 
were recorded by these thermocouples at the beginning and end of each hour- 
long experiment. After equilibration for six hours, the gradient was 
sufficiently stable that the beginning and end readings were almost identical. 
As the gradient was approximately linear, the temperatures of points 
intermediate between thermocouples were determined by interpolation. 

In addition to the horizontal temperature gradient in the floor of the 
apparatus used here, it is well known that horizontal and also vertical tempera- 
ture gradients are produced in the air space as a consequence of convection 
currents set up in the contained air. The air temperatures } in. above the 
floor and 3 in. below the roof were measured with a thermocouple every 4 in. 
along the tube with a temperature gradient setup. Throughout most of the 
tube, the upper air temperature averaged 3° higher than, and the air tempera- 
ture near the floor 2° lower than, the floor temperature. At the ends, however, 
mixing occurred so that the air temperatures at the hot end were 2.5° cooler 
than the floor, while at the cold end the air temperatures averaged 7° warmer 
than the floor temperature. Except for these differences, the horizontal air 
temperature gradient over the central 75% of the tube’s length closely 
paralleled the floor temperature gradient. Stinson and Fisher (11) have shown 
that disturbance of air gradients by passing a steady current of air through 
the tube did not change the temperature selected by Peromyscus. 

Here, each experiment involves observation of one lemming in the apparatus 
for one hour. Gradient and control (i.e. without gradient, but with the entire 
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apparatus at room temperature) experiments were done in the same apparatus 
on alternate days so that any one animal was not subjected to the same condi- 
tions on successive days. In most cases each gradient experiment was 
succeeded by a control experiment with the same animal at the same time the 
following day. 

When the gradient was established or when the whole apparatus was at room 
temperature, the lemming was brought from the colony and transferred by 
hand to the hot end of the tube (or the corresponding end in control experi- 
ments) and placed at position 49. One minute later and at subsequent one- 
minute intervals for one hour, the location of the midpoint of its visible 
dorsolateral surface was noted and recorded with reference to positions 1 to 49 
of the lucite window. At the same instant the direction faced by the lemming 
and other aspects of its behavior were noted. After one hour, both end- 
barriers were removed and the lemming was taken from the hot end. The 
tube was cleaned after each experiment by twice forcing a wet cloth from the 
cold to the hot end. 

During an experiment, when a lemming remained in the same position for 
five consecutive readings, it was stimulated to move in order to experience the 
full range of temperatures available. If moving an end-plug failed to elicit 
the desired response, a current of air blown through a rubber tube inserted in 
the nearer end usually was effective in causing the lemming to move. 


Results 


1. DISTRIBUTION 

Normal Lemmings 

It is convenient to describe behavior in the apparatus in control experiments 
(i.e. at a uniform temperature) first. On entering the tube, the lemming 
invariably ran to the opposite end. For 10 or 20 min., it usually exhibited 
considerable restlessness. It ran back and forth, generally from end to end, 
pausing briefly here or there to groom itself or to attack the end-barriers or 
the window. Later, the ‘typical’ lemming was less active. It often sat 
huddled against an end; frequently it rested at one position (usually near an 
end) for five consecutive minutes and had to be forcibly moved. 


Twenty normal lemmings were studied at a uniform temperature; each of 
7 animals was used 10 times in the usual hour-long experiments and 13 were 
studied once each, The results were indistinguishable; hence they have been 
combined. Fig. 1A illustrates the combined frequency distribution of these 
20 normal lemmings in the 49 positions in the tube. This control distribution 
is characterized by large end-peaks, particularly at the end at which the 
lemmings entered and left the tube. Otherwise the distribution is relatively 
uniform. This general pattern conforms to that found for other rodents in 
similar experiments at a uniform temperature by Stinson and Fisher (11) 
and others. 
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Fic. 1. A. The frequency with which normal lemmings were observed at the 49 
positions in the tube at a uniform temperature of 21°C. Combined data on 20 animals, 
each of which was observed individually. B. The frequency with which the same 20 
lemmings were observed when a temperature gradient was set up in the tube. C. The 
frequency data of B replotted with respect to floor temperatures. 


The ‘piling-up’ at the ends of the tube which is such a prominent feature 
of the control distribution undoubtedly represents a thigmotactic response to 
the only flat surfaces available inside the tube against which the lemming 
could crouch. 

The same 20 normal lemmings were studied in the gradient; each of 7 was 
tested on 10 occasions, while each of 13 was tested once. When introduced 
into the hot end of the gradient, a lemming invariably ran to the cold end and 
then back and forth along the tube. ‘The initial restlessness tended to last 
for a longer time than in controls and it was apparent to the observer that the 
lemming was much more active in the gradient. This behavior appears to 
be the reverse of that reported by Herter (2) and Stinson and Fisher (11). 
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These authors have described how their rodents lay on the floor in the selected 
zone in the gradient of temperature; activity apparently was much reduced 
in the gradient in these cases. In the present experiments, a lemming rarely 
rested in one position for five minutes, although when this behavior occurred, 
it tended to do so in the hot end. Grooming and attacking the tube both 
continued, especially at the ends of the tube. 

Fig. 1B shows the frequencies with which 20 normal lemmings (combined 
data) were observed at the 49 different positions in the gradient. The 
distribution is again uniform except for peaks at the ends. These end-peaks 
are considerably less extreme than those for control experiments, as seen in 
Fig. 1A; thus there is a slight response to the gradient. The most noteworthy 
feature of the distribution in the gradient, however, is the conspicuous absence 
of the broad central peak-characteristic of temperature selection. Even when 
these frequency data are replotted against actual floor temperatures (as in 
Fig. 1C) to eliminate the slight variation among the gradients of different 
experiments, the central peak so obvious in the distributions of many other 
types of organisms in a gradient of temperature is still not evident. 

There is a slight trend towards aggregation in the warmer half of the tube. 
However, the gradient was slightly less steep in this region than in the 
remainder of the tube so that here each temperature interval represented a 
slightly larger physical space than elsewhere. It follows that there was a 
slightly greater chance of a lemming being observed in this region than 
elsewhere and that even this small amount of ‘piling-up’ cannot therefore be 
considered to be selection. 

From these combined data for 83 pairs of experiments, it appears that a 
group of normal, laboratory bred lemmings did not select a zone within the 
range —19° to45° C. When the data for individual animals and for individual 
experiments with any one lemming were examined, there were many variations 
on the general patterns of Fig. 1, but in no case did a central peak indicative 
of temperature selection occur. This result was unexpected; varying lemmings 
appeared to be the only animals tested thus far which failed to select a portion 
of a temperature gradient. 

No artefacts were known which could have produced this result. Several 
white-footed mice, Peromyscus leucopus noveboracensis (Fischer), tested in the 
same apparatus, did exhibit temperature selection in the same gradient in 
which lemmings apparently did not select. It was concluded that selection 
was possible in this gradient and hence that either lemmings do not select 
temperature or they were prevented from doing so by something extraneous 
to the apparatus. 


Lemmings with Naked Feet 

Herter (2), Bodenheimer (1), and Stinson and Fisher (11) have reported 
observations which led to the conclusion that in rodents temperature selection 
occurs as a result of stimulation of thermoreceptors in the naked soles of the 
feet, which are constantly in contact with the substratum. Lemmings have 
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densely furred soles. It was suspected that such insulation might interfere 
with temperature selection by preventing stimulation of thermoreceptors by 
the substratum. 

A series of further experiments was designed to determine if lemmings from 
the soles of whose feet the fur had been removed selected temperature in a 
gradient. The lemming was put under light ether anesthesia and fine scissors 
were used to clip the bulk of the hair from the soles and toes of all four feet. 
As the fur tended to grow again, this procedure had to be repeated at approxi- 
mately one- to two-week intervals. 

The experimental procedure and kinds of observations recorded were 
identical to those previously described, with two exceptions. To facilitate 
contact of the naked feet and the metal floor in both gradient and control 
experiments, water to a maximum depth of } in. was poured into the tube 
and allowed to stand until it had assumed the temperature of the floor. This 
process required about one hour in the gradient. In order that the water 
should not freeze, a less extreme gradient (i.e. from 9° to 44° C. approximately) 
was used in alternate experiments. 

Twenty-four pairs of one hour long experiments were carried out using 
eight different operated lemmings; each individual was exposed to the gradient 
on three occasions and to the uniform temperature on three occasions. The 
general behavior of lemmings with naked feet was similar to that described 
above for normal lemmings at a uniform temperature. However in the 
gradient there was an obvious point of difference. Unlike normal lemmings, 
animals with naked feet showed no distinct increase in activity in the gradient 
compared with that in controls. Thus in this respect lemmings with naked 
feet behave in the gradient in a manner suggestive of that described by 
Herter (2) and Stinson and Fisher (11) for their rodents. 

The combined data on the distribution of eight lemmings with naked feet 
are presented in Fig. 2. The distribution of lemmings with naked feet in 
control experiments at a uniform temperature of 22° C. was fairly uniform 
except for large peaks at either end, as shown by Fig. 2A. This histogram 
closely resembles Fig. 1A which represents the distribution of normal lemmings 
at 28° C. 

Fig. 2B illustrates the frequency distribution of the same operated lemmings 
in the gradient. Now, a pronounced central peak is evident; the peak at the 
cold end has been nearly eliminated while the peak at the hot end was consider- 
ably reduced. Thus, following current usage and without implying anthropo- 
morphism, lemmings with naked soles may be said to have ‘selected’ a 
restricted range of temperature in the gradient. Fig. 2C, in which the data 
of Fig. 2B are replotted against the actual floor temperatures, shows that the 
floor temperature range involved in the central peak is approximately 28° to 
35°C. Fig. 2C shows also that these animals were observed within this 
8° zone in 65% of the instances in which their locations were recorded. 

The breadth of the ‘peak’ in such a combined distribution as is given in 
Fig. 2C (as Stinson and Fisher (11) found in the case of Peromyscus) is due in 
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Fic. 2. A. The frequency with which lemmings with naked feet were observed at the 
49 positions in the tube at 21°C. Combined data on eight animals. B. The frequency 
with which the same eight lemmings were observed when a temperature gradient was set 
up in the tube. C. The frequency data of B replotted with respect to floor temperature. 


part to variations in the temperature selected by different individuals as well 
as to variations in the temperature selected by a given lemming in the different 
individual experiments. In the present data, the modes of individual experi- 
ments varied from 26° to 37° C. In the experiments on a given individual the 
highést mode observed varied from 2° to 7° C. above'the lowest mode. The 
actual values of the modes of the distributions for seven of the eight lemmings 
were 28°, 30°, 30°, 30°, 31°, 32°, and 34°.. The distribution for the eighth 
animal showed two modes, oné at 28°, the other at 31°C. The mode of the 
combined distribution represented in Fig. 2C was 32°C. This may be called 
the selected temperature of Dicrostonyx groenlandicus under these conditions. 
It is evident, however, that in view of the variation arnong the individuals 
studied, it might be more useful to refer to the selected zone of the species, 
which would be then’.28° to 35° C. ’ 
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One may conclude that normal lemmings are not basically different from 
other animals in their behavior in a temperature gradient. They are 
potentially able to select a temperature zone in a gradient, but insulating fur 
on the feet prevents contact of thermoreceptors with the substratum and thus 
interferes with temperature selection. These experiments are therefore in 
accord to a dramatic degree with the conclusion drawn. by several earlier 
workers that temperature selection in rodents depends upon the presence and 
stimulation of thermoreceptors in the soles of the feet. 

It would first appear that an ability to select high temperatures, and thus 
to evade extreme cold, would have survival value to such arctic animals as 
lemmings in that it would tend to conserve body heat. This ability, however, 
apparently requires that the soles of the feet be naked. Heat loss, on the 
other hand, can be reduced somewhat by heavily furring the feet. Evidently 
in the evolution of this animal an anatomical feature, furring of the feet, has 
been of greater significance in the conservation of heat than has the behavioral 
characteristic of temperature selection. 


2. ORIENTATION 


It may be seen in Figs. 1A and 1B that in both control and gradient 
experiments, normal lemmings were found more frequently at positions 48 
and 49 than at positions 1 and 2. In these experiments the animals were 
consistently put into and removed from the tube at the end where positions 
48 and 49 occurred. In most of the comparable experiments using lemmings 
with naked feet, the animals entered the tube at the other end, i.e., at position 
1 and were removed from whichever end was found convenient at the time. 
In these experiments the numbers of observations in positions 1 and 2 and in 
positions 48 and 49 were 209 and 151 respectively in controls and 23 and 28. 
in the gradient. Except in this last instance where, it will be recalled, 
temperature selection took place, these data indicate a definite tendency for the 
organism to be found at the end by which it entered the apparatus. - Similar 
evidence of an ability to distinguish between the two ends may be-seeén in the 
data published for Peromyscus (11). In the present experiments, the aggrega- 
tion at positions 48 and 49 did not become more marked as a consequence of 
successive experiences of single lemmings in the tube. It was concluded that 
the process of learning to distinguish the ends probably occurred during the 
initial experiment for each individual. 

The characteristic of the tube by which the lemmings were able to distin- 
guish between the ends is not definitely known. However, it should be 
pointed out that the tube was permanently rotated about its longitudinal axis 
towards the observer so that the upper edge of the long window which 
permitted observation of an animal inside was 3 in. from the vertical through 
the center of the tube. Thus when a lemming entered the tube at the hot 
end, the bright streak of light was always on its left. It is evident then that 
lemmings could orient to the bright longitudinal window and so distinguish 


between the ends. 
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TABLE I 
DIRECTIONS FACED 


(Average number of observations per animal per hour) 


———===x=x#_—r_[_[{_[={===[=[E[aanananna==—_ayaRQeS|=|=_a=—=a—_S=ay_h—_—hyhsL==L——_—_—_—_—_—_—_—_—_—_—_—_-_—_—__-_-_—_—_=-—_—_—_—-=_=[_—=———== 


Furred feet* Naked feett 
Orientation Control Gradient Control Gradient 
(3) (S) 

Facing hot end 28.07+1.29 26.93+0.86 25.122.22 19.7+2.58 
Facing cold end 25.22+1.58 29.26+0.91 27.6+2.28 33.742.26 
Facing forward 4.8641.24 3.07+0.55 4.80+0.90 2.89+0.44 
Facing backward 1.84+0.47 0.78+0.19 2.55+0.56 3.26+1.23 
Probability that the difference 

between values for facing . 

hot end and cold end is due 

to chance alone 0.27 0.18 0.60 0.02 


*Combined data for 20 normal lemmings, 
tCombined data for eight lemmings with naked feet. 


To study the animal’s orientation in respect to the gradient, the direction 
the lemming faced was noted at one-minute intervals during all experiments. 
As the tube was virtually one-dimensional, the lemming most often faced one 
end or the other. Average numbers of observations per animal per hour 
(with their standard errors) of facing in the several directions under different 
experimental conditions are presented in Table I. 

There was no significant difference (at 0.05 level) between the totals for 
facing the hot end or cold end in either control or gradient experiments on 
normal lemmings nor in control experiments on lemmings with naked feet. 
Apparently the orientation of these animals was random and so it was con- 
cluded that the orientation was not of primary importance in bringing about 
the observed distributions of the organisms. 

However, column 5 of Table I shows that while selection of temperature 
was taking place, lemmings with naked feet faced the cold end significantly 
more frequently than they faced the hot end. The ability of lemmings to 
distinguish the ends of the apparatus has been noted above. In view of this, 
it is necessary to consider the possibility that this orientation by lemmings 
with naked feet is to the tube again and not to the gradient per se. To 
examine this possibility, the directions faced by two lemmings introduced into 
the tube at the hot end, and by six others which entered at the cold end are 
considered separately. Table II shows mean values for the directions faced 
by these two groups of lemmings with naked feet. 

It will be noted that while some differences in this small sample are too 
small to be significant, as the numbers are treated here, there is a consistent 
tendency for lemmings with naked feet to face the end by which they entered 
the tube. This was true for seven of eight animals in the gradient and, for 
seven of eight in controls, 





SMITH AND FISHER: LEMMING BEHAVIOR 253 
TABLE II 
DIRECTIONS FACED BY ANIMALS ENTERING AT HOT AND COLD ENDS* 


(Average number of observations per animal per hour) 


Control _ Gradient 
No. of Facing Facing Facing Facing 
Entrance lemmings hotend’ ~- cold end hot end cold end 
Hot end 2 3.7 26.2 30.5 27.8 
Cold end 6 22.9 28.0 16.1 35.6 


*Data for eight lemmings with naked feet. 


As lemmings with naked feet tend to face the end by which they entered 
the tube in both control and gradient experiments, the significance of the 
difference in column 5 of Table I probably is, in part at least, due to orientation 
to the tube. It is notable, however, that this tendency to orient towards the 
entrance is seen in such a marked form only when the animals are ‘selecting’ 
temperature. 


3. ACTIVITIES 


Description 

A lemming in the tube spent much of its time running back and forth from 
end to end. While it was not running, it engaged in four major categories 
of activity which could be distinguished readily by the observer. These 
non-locomotor activities were voiding, grooming, attacking, and resting; each 
of these terms is used herein in a particular sense, as follows: 

Voiding was merely urination and defecation; the presence of urine or feces 
after the experiment was taken as evidence of this behavior. 

Grooming involved rubbing the face with the forefeet, especially after rapid 
running or fright; or licking, scratching, or stroking the pelage. No attempt 
was made to separate the grooming which occurred as a ‘displacement’ activity 
(following the usage introduced by Tinbergen and Van Iersel (13) ) from 
‘functional’ grooming. 

Attacking included biting (or at least attempting to bite) and scratching the 
end-barriers, the lucite window, or the walls of the tube. 

Resting was said to occur if an animal remained in one position in the tube 
for five consecutive minutes. Often vigorous grooming (or more rarely 
attacking) was carried on during this period, but at other times the lemming 
was relatively inactive and actually appeared to rest. At the end of five 
minutes, as was indicated in an earlier section, the resting lemming was caused 
to move to another position by the experimenter. 
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Fic. 3. The frequency with which resting was observed in various regions of the tube. 
A and B, combined data for 20 normal lemmings. C, D, and E, combined data for eight 
lemmings with naked feet. 


Location in the Apparatus 

Resting 

Fig. 3A shows the distribution of resting stations recorded when normal 
lemmings were observed in the tube at a uniform temperature. There is a 
marked tendency for resting to occur at the ends, but otherwise it seems that 
it may occur anywhere in the tube. In contrast, the distribution of resting 
Stations with the gradient setup (Fig. 3B) indicates that resting did not occur 
at all at the cold end and that it tended to be somewhat localized at the hot 
end. However, the most striking difference between these two distributions 
is the great reduction caused by the presence of the gradient in the total 
number of occasions upon which resting was observed. This finding and its 
implications are discussed in more detail later. 


Resting by lemmings with naked feet at a uniform temperature is shown in 
Fig. 3C. The data available are not numerous but give no indication of 
differing appreciably from those provided by normal animals. In the gradient, 
however, (Fig. 3D) the resting stations clearly tend toclump in a very restricted 
region. When the resting stations are now plotted against the temperature 
at which they occur (Fig. 3E), it can be seen that resting tends to occur 
predominantly at 30° to 34° C. which is within the temperature zone selected 
by these animals. Comparable observations have been recorded for Peromyscus 
by Stinson and Fisher (11) and for other rodents:by. Herter (2). 
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. Fic. 4. The frequency with which grooming was observed in various regions of the 
tube. A and B, combined data for 20 normal lemmings. C, D, and E, combined data 
for eight lemmings with naked feet. 


Grooming 

Fig. 4A illustrates that the distribution of grooming stations in control 
experiments with normal lemmings is random between peaks at both ends, 
the greater at the hot end. Fig. 4B shows that the setting-up of the gradient 
caused firstly more grooming to occur in the cold half of the tube than in 
controls, and secondly reduction of the end-peaks to about 25% of their height 
in the controls. 

The locations of grooming stations of lemmings with naked feet are shown 
in Fig. 4C for uniform conditions and with the temperature gradient established 
in: Fig. 4D. Clearly grooming tends to be localized when the gradient. is 
present. From the distribution of the grooming stations considered as a 
function of floor temperature, as in Fig. 4E, it is evident that grooming tends 
to occur most frequently in the region of 31° to 33° C. which is within the 
temperature zone selected by these.animals. This finding, too, for lemmings 
with naked feet is similar to that recorded. for Peromyscus by Stinson and 
Fisher (11). 

The distributions of grooming stations shown in Fig. 4 are very similar to 
the distributions of the animals considered earlier (Figs. 1 and 2). It seems 
therefore that grooming stations are distributed throughout the tube in- much 
the same'way as the animals themselves are distributed in_ it. . This. is 
apparéntly the case both for normal animals as well as for animals with naked 
feet and under uniform conditions of temperature as well as in-the: gradient. 
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Fic. 5. The frequency with which attacking was observed in various regions of the 
tube. A and B, combined data for 20 normal lemmings. C and D, combined data for 
eight lemmings with naked feet. 


Attacking 

The distributions of stations of attacking by normal lemmings in control 
experiments and in the gradient are illustrated in Figs. 5A and 5B respectively. 
The presence of the gradient caused less attacking to take place at the hot 
end but considerably more to occur at the cold end. 

Figs. 5C and 5D represent the distributions, in the controls and in the 
gradient, of attacking by lemmings with naked feet. The control distribution 
has high end-peaks with a few randomly scattered observations between. 
However, Fig. 5D indicates that there is no central hump at the selected 
temperature and that, although the gradient has markedly reduced attacking, 
most of the few observations are still at the ends. This finding agrees with 
that reported for Peromyscus by Stinson and Fisher (11). 

It appears from the present data that attacks are elicited particularly at the 
ends of the tube. When, owing to the existence of the gradient, the lemming 
remains away from the ends, the frequency with which the ends can be attacked 
is drastically reduced. 


Voiding 
Casual observations during early experiments revealed that droppings and 
urine were deposited most often at the ends of the tube. Later, the approxi- 


mate positions where feces and urine were deposited were recorded at the end 
of each experiment of 36 pairs of experiments with 15 normal lemmings. 
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Fic. 6. A and B, frequency distributions of urine in the 49 positions in the tube. 
C and D, frequency distributions of feces in the 49 positions in the tube. (Combined 
data for 15 normal lemmings.) 


Figs. 6A and 6B show the distributions of urine in these experiments. In 
the controls (Fig. 6A), urination was restricted to the ends of the tube and 
stations were approximately equally divided between the two ends. In the 
gradient (Fig. 6B), all detectable urination took place at the cold end where, 
incidentally, the urine quickly froze solid, occasionally entrapping the feet of 
the lemming involved. 

Fig. 6C records the rather symmetrical distribution of feces in the control 
experiments; these tended to be at the ends but occurred towards the center 
with decreasing frequency. In the gradient, feces were deposited primarily 
at the cold end (Fig. 6D). 

Owing to the presence of water in the tube when lemmings with naked feet 
were being studied, urine could not be detected and feces were easily displaced. 
Consequently no attempt was made to record the positions where urine and 
feces were deposited while selection was taking place. However, cursory 
examinations of the tube suggested that defecation took place at the ends of 
the tube and not in the selected zone where the lemmings spent most of 
their time. 

The habit of depositing feces in relatively constant locations noted during 
this investigation has been observed previously in laboratory and field. In 
the colony most lemmings habitually use one corner of their cage. At 
Churchill, Manitoba, and at Southampton Island, N.W.T., large piles of 
droppings have been seen near old winter nests. These restricted piles 
presumably were made during the winter under the snow. Nelson (9) and 
Strecker and Morrison (12) have reported that in Alaska, the feces dropped 
by D.g. rubricatus are typically found at the ends of short, dead-end burrows 
branching off the main underground tunnels made by these animals. 
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The tendency to deposit feces at the ends of the tube in the present 
experiments appears basically identical with that described by the above 
authors. The fact that droppings were regularly removed and that odors 
were presuinably spread throughout the tube suggests that the presence of 
other droppings was not the stimulus for further deposition at the ends. It 
appears to be some property of the end per se. 


Relative Frequency 

The immediately preceding considerations have dealt with the locations in 
the experimental apparatus at which the various activities occurred. We 
have now to compare the amount of these activities exhibited when the tube 
was at a uniform temperature with the amount found with a gradient 
established, and to compare the amount exhibited by lemmings with normally 
furred feet with that exhibited by lemmings with naked feet. 

In order to compare the frequencies with which the four types of non- 
locomotor activities occurred, the average number of times each was observed 
per animal per hour was computed. As the various types of non-locomotor 
activities were observed in different ways during an experiment, the maximum 
possible number of occurrences of each type was limited. The location of a 
lemming was recorded every minute for 60 min.; thus the maximum number 
of resting observations is 12. Similarly, grooming or attacking were recorded 
whenever they occurred at the moment the location of the animal was observed. 
Hence the maximum sum of grooming observations plus attacking observations 
is 60. Because voiding was measured as the number of tube positions contain- 
ing urine or feces at the end of each experiment, the maximum number of 
observations of urination and defecation is the number of tube positions, 
i.e. 49 each. 

The relative frequencies with which these activities were observed on the 
average under various conditions are shown in Table III. As grooming and 
attacking sometimes occurred simultaneously with resting as defined here, 
the observations of these two activities are shown in Table III in two ways, i.e. 
total, and also when coincident with resting. 

It may be noted first in Table III that in the control experiments, the 
average frequencies for lemmings with furred feet (column 2) differ significantly 
(in the statistical sense, at the 0.05 level) from those for lemmings with naked 
feet (column 4) in only one instance, namely the total grooming. This 
frequency appears to be greater in the animals with naked feet than in the 
normal animals, the probability that the average frequencies for normals and 
those with naked feet are the same being less than 0.001. Because the 
lemmings with naked feet were studied in a tube containing a small amount 
of water, parts of their pelage became damp. This fact probably accounts 
for the increased frequency of grooming observed in these lemmings. 

Each of the frequencies observed for the normal lemmings in the gradient 
(column 3) differs significantly in the statistical sense from the comparable 
frequency for the lemmings with naked soles (column 5), the probability of 
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TABLE III 


AVERAGE FREQUENCY OF ACTIVITIES! 


(The average number of times (with its standard error) each activity 
was observed per animal per hour) 





TYPES OF 
ACTIVITIES 
| 













° 
0.32 40./2 1-46£0.37 


URINATION 






DEFECATION 


1The statistical significance of the differences between pairs of values joined by horizontal lines 
has been computed by “‘t” tests. The probability that the observed differences between the members 
of a pair of values could have occurred by chance has been indicated in those cases where it was 


greater than 0.001. 
2Combined data for 20 normal lemmings. 
3Combined data for eight lemmings with naked feet. 


the observed differences arising by chance being less than 0.001. It is 
therefore evident that lemmings with naked feet rested more and groomed 
more but attacked less in the gradient than did normal lemmings with furred 
feet. The nature of these particular differences in behavior between normal 
and ‘naked-footed’ lemmings in the gradient could not of course have been 
foreseen. The fact that differences existed however is not surprising, since it 
has already been seen that lemmings with naked soles selected in the gradient 
while the normal animals did not. For the same reason it is not surprising 
to find, by comparing columns 4 and 5, that the frequencies of activities of 
lemmings with naked soles were not the same in control experiments as in 
gradient experiments. In each case the probability that the difference between 
the control and the gradient results could have arisen by chance is less 
than 0.001. 

Comparison of columns 2 and 3, however, shows that the frequencies of the 
activities in question here were different in control and gradient experiments 
even though the experiments involved normal animals. This is surprising 
since the normal animals did not select temperature, presumably because they 
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were unable to perceive the temperature gradient owing to their heavily furred 
soles. Nonetheless in each case the difference between the frequency of the 
activity in control experiments and that in the gradient with these normal 
animals is very significant statistically since the probability that any of the 
differences could have arisen by chance alone is less than 0.001. ~The most 
striking difference between the pairs of frequencies in columns 2 and 3 is that 
for resting. The distinct decrease in.resting in the gradient indicates that 
these normal lemmings were more active in the gradient than they were at a 
uniform temperature. This confirms the observer’s general impression 
described previously. 

Quite evidently the normal lemmings were able to detect a difference 
between the control situation and conditions in the gradient even though they 
did not respond to the latter by a selection of temperature. It seems impossible 
to conceive of any mechanism by means of which these animals could have 
differentiated between the control and the gradient situations other than one 
involving a perception of temperature. If it is granted that perception of 
temperature must have occurred, since a distinction between the control and 
gradient was achieved, then why did selection of temperature not follow? 
It seems necessary to conclude that temperature must be perceived in two 
distinctly different ways: perception in one way, presumably by means of 
receptors in the soles of the feet, exerts a ‘directive’ effect on locomotion and 
thus leads to temperature selection; perception in the other way, perhaps by 
receptors in the oral and nasal cavities, does not lead to temperature selection 
but does jJead to an alteration in the frequency of the activities which have 
been studied here. 

It is of interest also to compare the direction of the change produced by 
setting up the gradient using normal animals, with the direction of the change 
seen under the same circumstances using animals with naked soles, that is, 
to compare the differences between the items in columns 2 and 3 of Table III 
with the differences between the items in columns 4 and 5. Without exception 
the direction of the change using normal animals is the opposite of that found 
after removal of the fur from the soles of the feet. This observation too 
cannot be readily rationalized in physiological terms except by assuming a 
dual mechanism of temperature perception. 
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THE NORTHERN LIMITS OF DISTRIBUTION IN MANITOBA 
FOR CYPRINID FISHES! 


By J. J. KELEHER 


Abstract 


Twenty-three species of minnows (Cyprinidae) are known to occur in the 
Province of Manitoba, Canada. The most northern collection of each in the 
province has been listed and mapped. In Manitoba 13 minnows reach the 
northern limit of their recorded distribution. The limit of some species appears 
to be related to the 65° July isotherm. 


Introduction 


Published information on the northern boundary of the distribution of the 
freshwater fishes of Canada is not very extensive. The most northerly 
collection records in the Province of Manitoba are presented for the minnows. 
The purposes of this paper are to supplement our present knowledge and to 
provide a standard for future work. 


Materials and Discussion 


The writer’s records are based on approximately one hundred collections. 
The fish were secured by seining in those areas accessible by roads. A 
transcription of the Manitoba fish records in the Royal Ontario Museum has 
been examined. Although the specimens have not been seen, these records 
have been utilized and have extended the limits of nine species. The limits 
for any species cannot be regarded as final because fish collections have not 
been made in many areas of the province. The nomenclature used by Dymond 
(1) has been followed. 

Table I lists the most northern collection record in the province for 23 
minnows. An exception is Notropis cornutus. Kendall's record (5) is farther 
north than the Woody River but this alternative has been provided since the 
former is geographically indefinite. The following records have been published 
previously: Hybopsis storerianus (2), Notemigonus crysoleucas (4), and 
Notropis blennius (1). Nocomts biguttatus, Rhinichthys atratulus, and Notropis 
rubellus are recorded for the first time in Manitoba. In each case their 
presence was suspected by Hinks (3) because of occurrence in adjacent regions. 

A figure has been presented to facilitate locating the places listed in Table I. 
Species which have a more northern record outside Manitoba are shown by 
open circles. Locations which are the most northern limit of the species, 
regardless of region, are shown by closed circles. Thirteen species have the 
most northern limit of their entire published distribution in Manitoba: 
Cyprinus carpio, Semotilus atromaculatus, Margariscus margarita, Nocomis 
biguttatus, Hybopsis  storerianus, Rhinichthys atratulus, Notemigonus 
crysoleucas, Notropis rubellus, Notropis cornutus, Notropis blennius, Notropis 
deliciosus, Hybognathus hankinsoni, and Hyborhynchus notatus. 


'Manuscript received May 7, 1956. 
Contribution from the Fisheries Research Board of Canada, Biological Station, Winnipeg, Man. 
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& - NORTHERN LIMIT OF NORTH AMERICAN DISTRIBUTION 
O ~ NORTHERN LIMIT OF DISTRIBUTION IN MANITOBA 


o 
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1 - CYPRINUS CARPIO 
2 - SEMOTILUS ATROMACULATUS 
3 - MARGARISCUS MARGARITA 
4 - COUESIUS PLUMBEUS 
5 - PLATYGOBIO GRACILIS 
6 - NOCOMIS BIGUTTATUS 
7 - HYBOPSIS STORERIANUS 
8 - RHINICHTHYS ATRATULUS 
9 - RHINICHTHYS CATARACTAE 
10 - PFRILLE NEOGAEA 
11 - CHROSOMUS E0S 
12 - NOTEMIGONUS CRYSOLEUCAS 
13 - NOTROPIS ATHERINOIDES 
14 - NOTROPIS RUBELLUS 
E 15 - NOTROPIS CORNUTUS 
canes th ' 16 - NOTROPIS BLENNIUS 
OF , 17 - NOTROPIS HUDSONIUS 
4 \ 18 - NOTROPIS DELICIOSUS 
¢ 19 - NOTROPIS VOLUCELLUS 
20 - NOTROPIS HETEROLEPIS 
21 - HYBOGNATHUS HANKINSONI 
22 - PIMEPHALES PROMELAS 
23 - HYBORHYNCHUS NOTATUS 





The most northern record of occurrence in Manitoba for cyprinid fishes. 
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TABLE I 
THE MOST NORTHERN RECORD OF OCCURRENCE IN MANITOBA 

Species Location N. Lat. W. Long. Collector Year 
Cyprinus carpio Spider Island 53° 29’ 97° 45’ B. Kooyman 1954 
Semotilus atromaculatus Woody River 52 13 101 15 J. J. Keleher 1955 
Margariscus margarita Silcox Creek* 57 09 94 10 B. Kooyman 1951 
Couesius plumbeus South Knife Lake* 58 10 96 28 K. C. Dey 1950 
Platygobio gracilis Saskatchewan River 53 50 101 15 W. M. Sprules 1947 
Nocomis biguttatus Whitemouth River 49 57 95 59 J. J. Keleher 1954 
Hybopsis storerianus Red River 49 53 97 09 C. H. Eigenmann 1892 
Rhinichthys atratulus Birch River 52 23 101 06 J. J. Keleher 1955 
Rhinichthys cataractae Trib. of Herriot Creek* 58 33 94 22 B. Kooyman 1951 
Pfrille neogaea Brereton Lake* 49 54 95 34 J. A. McLeod 1944 
Chrosomus eos Rennie Creek 49 50 95 40 J. J. Keleher 1955 
Notemigonus crysoleucas Mukutawa River 53 09 97 25 J. J. Keleher 1947 
Notropis atherinoides Eden Lake* 56 38 100 15 B. Kooyman 1948 
Notropis rubellus Whitemouth River 49 57 95 59 J. J. Keleher 1955 
Notropis cornutus Woody River a 3S 101 15 J. J. Keleher 1955 
Notropis blennius Baptizing Creek 53 32 100 42 V. E. F. Solman 1941 
Notropis hudsonius Southern Indian Lake* 57 05 98 34 B. Kooyman 1948 
Notropis deliciosus Mossy River* 51 39 99 56 G. E. Butler 1943 
Notropis volucellus Fishing Lake* 52 07 95 24 G. E. Butler 1946 
Notropis heterolepis Pickerel Lake : 101 39 R. K. Stewart-Hay 1952 
Hybognathus hankinsoni Vermillion River 51 09 100 03 J. J. Keleher 1954 
Pimephales promelas Lake Athapapuskow* 54 33 101 40 J. A. McLeod 1944 
Hyborhynchus notatus Echo Lake* 50 13 95 22 T. A. Paddock 1949 


*Records from the Royal Ontario Museum fish collection. 


The distribution of the minnows may be viewed in relation to isotherms. 
Radforth (6) suggested that the following species had a distributional trend 
in Ontario apparently related to the 65° (F.) July isotherm: Semotilus 
atromaculatus, Margariscus margarita, Rhinichthys atratulus, Chrosomus eos, 
Notemigonus crysoleucas, Notropis rubellus, Notropis cornutus frontalis, 
Notropis deliciosus, and Hyborhynchus notatus. The 65° isotherm as given by 
Thomas (7) has been plotted on the figure. All but one of these have their 
northern limit of known distribution in Manitoba between the 64° and 66° 
isotherms, although Notemigonus crysoleucas is only barely on the 64° line. 
Margariscus margarita, however, occurs farther north—a little north of the 
60° isotherm. 
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A NEW SPECIES AND TWO NEW RECORDS OF POLYCHAETA 
FROM EASTERN CANADA! 


By E. BERKELEY AND C. BERKELEY? 


Abstract 


Two of the three species recorded in this paper (Ceratonereis scotiae sp. n. 
and Nereis diversicolor O. F. Miiller) were collected some years ago, but hitherto 
their occurrence has not been noted. The third (Tharyx marioni (Saint- 
Joseph)) was collected recently for the first time in Canadian waters. 


Nereidae 
Nereis (Ceratonerets ) scotiae sp. n. 

Three specimens collected littorally by Dr. W. S. Hoar at Mitchell Bay, 
N.S., in 1939 have been in our possession since then, but remained unexamined 
until recently. Two of them are complete, the third is incomplete poster- 
iorly. The largest specimen is about 40 mm. long and 4 to 5 mm. wide over 
the setae. The prostomium is as long as it is wide. It has two pairs of eyes, 
the anterior pair on the median line and farther apart than the posterior pair. 
The posterior tentacular cirri reach as far back as the 8th to the 10th 
setiger. The jaws have six or seven teeth. Paragnaths are entirely absent 
from the oral ring, excepting faint indications of a single one on VI, on each 
side, in one specimen. I = 1; II = more or less circular groups of 4 or 5; 
III = an elongated group of 6 or 7; IV = arc-shaped groups. The dorsal 
cirri do not extend beyond the dorsal lobes of the notopodia except in the 
extreme posterior region. The parapodia are three-lobed in both rami in 
the anterior and median regions (Fig. 1), becoming narrower in the posterior 
region and with the median lobes considerably diminished. In the dorsal 
ramus all the setae are homogomph spinigers; in the ventral ramus there 
are homogomph and heterogomph spinigers and heterogomph falcigers with 
long knobbed ends (Fig. 2). 

We classify this species in the subgenus Ceratonereis because paragnaths 
are absent from the oral ring. It belongs to the division of the subgenus 
characterized by having parapodia with three notopodial lobes. Of these it 
comes nearest to N. (Ceratonereis) costae Grube, the parapodia being very 
similar to those of that species throughout the body. The main differences 
are in the presence of a paragnath on I (N. costae, and many other species of 
its division of Ceratonereis, having none), and of the characteristic long- 
ended knobbed neurosetae. 


Nereis diversicolor O. F. Miiller. Fauvel (2, p. 344) 

This species should have been recorded from eastern Canada long since. 
We identified it in 1935 in material collected in that year by Mr. H. M. 
Rogers, formerly of the University of Toronto, at Reversing Falls, St. John 

‘Manuscript recewved May 7, 1956. 


Contribution from the Fisheries Research Board of Canada, Biological Station, Nanaimo, B.C. 
* Fisheries Research Board of Canada, Biological Station, Nanaimo, B.C. 
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Fic. 1. Nereis (Ceratonerets) scotiae Fic. 2. Nereis (Ceratonereis) scotiae 
sp. n. Median parapodium. sp. n. Heterogomph falciger. 





River, N.B. We did not at that time realize the interest of the find and did 
not record it. This was not, however, the first time the species had been 
collected in eastern Canada. Dr. A. H. Leim of the St. Andrews Biological 
Station tells us that he collected it in the Shubencadie River, N.S., in 1922 
and that his specimens were identified by the late Professor A. L. Treadwell. 
In this case too the find has remained unrecorded. The species is wide- 
spread in Europe, but we have been unable to find any previous mention of 
it from North America.* It is markedly euryhaline and, for this reason, 
has formed the subject of many interesting studies. An outstanding morpho- 
logical peculiarity of the species is the presence of at least one heavy homo- 
gomph seta with the endpiece more or less completely fused with the shaft 
in the neuropodium of posterior setigers. Fauvel’s figure (133-e) shows a 
condition of only slight fusion. More advanced and, in our experience, 
more common stages are shown in our Fig. 3. In the specimens from St. 
John River fusion is complete (Fig. 3(a)). In all other respects they agree 
closely with Fauvel’s description. 

8’While this paper was in the press we learned from Dr. M. Pettibone of the University of 


New Hampshire that she has taken N. diversicolor on the coast of both Maine and New Hampshire, 
but the occurrence has not yet been recorded. 
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(A) (&) 


Fic. 3. Nereis diversicolor O. F. Miiller. Specialized setae from posterior neuropodia, 
showing two stages of fusion. 


In this connection reference should be made to two other species of Nereidae, 
N. japonica Iizuka, the Pacific counterpart of N. diversicolor, and Neanthes 
lighti Hartman, which has been confused with N. japonica. N. japonica is 
a common Japanese form. It was named by Izuka (6) as a new species in 
1908 and was described by him in detail in 1912, but the “NN. diversicolor’’ 
described from Japan by Marenzeller (8) in 1879 is undoubtedly identical 
with N. japonica. The two species are extremely close. It is doubtful, 
indeed, whether N. japonica should not be regarded as a variety of N. diversi- 
color. Both are euryhaline. Both have the specialized neuropodial setae 
with fused terminations in posterior setigers and the forms of the parapodia 
in the various body regions are similar, as also are the spinigerous and falci- 
gerous setae. Differentiation is, however, quite definite on the basis of the 
arrangement of the paragnaths on the ventral surface of the oral ring of the 
proboscis (Groups VII and VIII). These form a single continuous row in 
N. japonica, whereas in N. diversicolor they are arranged in three or four 
more or less irregular ones (Izuka (7), Pl. 17, Figs. 17, 18). 

N. japonica has been recorded from British Columbia (1) and we have 
identified it in material from the neighborhood of Friday Harbour, Washing- 
ton, U.S.A., and from the Salinas River, in the Monterey region, California, 
both sent to us by Dr. R. I. Smith of the University of California. Dr. 
Smith has utilized specimens from the latter locality, of which he sent us 
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samples, for embryological (10) and distributional (11) studies, and identified 
the species concerned in both cases as Neanthes lighti Hartman. We have 
been unable to confirm this identification from Hartman’s (4) description of 
N. lighti. All the many specimens from both Friday Harbour and the Salinas 
River we have examined have the characteristic fused neuropodial homogomph 
seta, the arrangement of Groups VII and VIII of the paragnaths, and the 
parapodial forms of NV. japonica. In the description of N. light, on the other 
hand, no mention is made of a specialized fused homogomph seta and the 
form of the notopodium in median and posterior parapodia is markedly 
different to that of N. japonica and N. diversicolor, particularly in respect 
of the median lobe. 

It is remarkable that reproduction in the populations of N. japonica 
studied by Dr. Smith was viviparous (Smith (10)), whereas, according to 
Izuka (7), breeding occurs in the species in Japan through swarming epitokes. 
However, it is well recognized that there is considerable power of modification 
in method of reproduction with variation of environment amongst Poly- 
chaeta, and this seems to be a case in point. 


Tharyx marioni (Saint-Joseph). Fauvel (3, p. 100) 

Three examples of this species were taken by Dr. A. H. Leim, of the St. 
Andrews Biological Station, in a plankton tow between 20 meters and 1 
meter, in Seal Cove, Grand Manan Island, N.B., in August, 1955. All are 
about 35 mm. long, 1 to 1.5 mm. wide. No species of Tharyx has been 
recorded previously from eastern Canada, but the form taken by Dr. Whit- 
eaves in the Gulf of St. Lawrence in 1872 and recorded by McIntosh (9) as 
Chaetozone whiteavesi may well be a synonym of the present species. The 
size is not given, but the general description agrees and the setal characters 
are those of Tharyx. 

Two species of Tharyx were described from Maine by Webster and Benedict 
(12), T. acutus and T. similis, both very much smaller than T. marioni. 
Moreover, both these species fail to agree with the definition of Tharyx as 
generally accepted (see Fauvel (3), p. 99) in that the segment bearing the 
heavy tentacular cirri and the one immediately posterior to it are non-seti- 
gerous and, in the case of 7. similis, that short stout setae are present as 
well as capillaries. 

The only other Tharyx reported from the east coast of North America 
appears to be 7. setigera Hartman from Beaufort, North Carolina (Hartman 
(5)). This again is a very small species and it has limbate setae. 
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REPRODUCTIVE]YPOTENTIAL AND SEX RATIOS OF SNOWSHOE 
HARES IN NORTHERN ALBERTA! 


By Wm. Rowan AND L. B. KEITH 


Abstract 


In conjunction with studies of the ‘10-year cycle’ of snowshoe hares, almost 
900 hares were collected in the Anzac district of Alberta during the period May, 
1949, to April, 1956. Embryo numbers and sex ratios were among the data 
gathered from post-mortem examinations of these hares. It was found that 
the average litter size was 3.82; the modal litter size was four and the range was 
from one to seven. The average number of litters each season was calculated 
at 2.75. The annual reproductive potential is thus 10.51 (3.82 X 2.75) young 
per female hare. This is more than 50% greater than that indicated by 
comparable data from Minnesota. It is suggested that herein lies the cause 
of higher peak populations in northern regions. Sex ratios shifted from a 
marked excess of females in the year 1949-1950 to about even numbers of both 
sexes during the two subsequent years. Since the change in sex ratio occurred 
at the peak of the cycle, the two factors are believed to be in some manner 
correlated. 


Introduction 
History 

Populations of the snowshoe hare (Lepus americanus Erxleben) in Alberta 
are subject to marked periodic fluctuations. Alberta snowshoes are by no 
means unique in this respect, for the 9- to 10-year cycle of these animals has 
been the subject of much investigation elsewhere and numerous references 
may be found in the literature. 

The senior author has observed and investigated the ‘10-year cycle’ in this 
province for more than 30 years (13, 14, 15). A number of recent studies in 
Alberta concerning various phases of the cycle are currently being prepared for 
publication. In 1944 the Research Council of Alberta established a biological 
cycles fund, which has been of invaluable assistance to these investigations. 

The data submitted in the present paper were collected at Anzac, Alberta, 
by Mr. J. D. Waring. Imbued with a keen interest in the outdoors in general, 
and game cycles in particular, Mr. Waring examined almost 900 snowshoe 
hares from May, 1949, to April, 1956. The vast majority of these animals 
were collected within a half mile radius of Mr. Waring’s cabin. Hares were 
secured largely by snaring, a very small percentage being shot with a .22 
caliber rifle. Local Indians and half-breeds were offered cash rewards for 
both live and dead hares and their catches were an important addition to 
Mr. Waring’s own collections. 

Hares were weighed and sexed, and gross post-mortem examinations 
conducted. Organs and tissues appearing abnormal or unhealthy were 
preserved and submitted to the Provincial Veterinary Laboratory in Edmonton 
for further study. During the dissections embryo counts were also made and 
it is these which serve as a basis for the first section of this paper. 

The recognized subspecies of snowshoe hare in this region is Lepus 
americanus americanus Erxleben (2). 


1Manuscript received May 7, 1956. 
Contribution from the Department of Zoology, University of Alberta, Edmonton, Alta. 
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Description of Study Area 

The Anzac district is situated about 220 miles NNE. of Edmonton and 20 
miles SE. of Fort McMurray on the Northern Alberta Railroad line between 
Edmonton and Waterways. There are no roads into the region and only 
narrow trails within it. The area is essentially wilderness, its only human 
inhabitants consisting of Indian and half-breed trappers and their families, 
and a few scattered whitemen—traders and school teachers. 

The district may be described topographically as gently rolling to hilly, 
with numerous streams and lakes. Vegetatively this region is typical of most 
of the northern third of the province. It has muskegs of black spruce (Picea 
mariana) and tamarack (Larix larix), sandy ridges with jack pine (Pinus 
banksiana), and on less extreme sites, mixed stands of aspen poplar (Populus 
tremuloides), balsam poplar (P. balsamifera), white spruce (Picea glauca), and 
paper birch (Betula papyrifera) with an understory of willow (Salix spp.) 
and alder (Alnus spp.). 

The climate is characterized by low annual precipitation, the long term 
average (30 years) at Fort McMurray being 16.32 in. This consisted of 11.60 
in. of rain and 47.20 in. of snow. Winters are usually long and cold and 
summers short but warm. Mean January temperature at Fort McMurray 
is —6.5° F., while that for July is +61.5° F. 


Reproductive Potential of Snowshoe Hares 


The hare population on the study area fluctuated violently between May, 
1949, and April, 1956, as is clearly indicated in Fig. 1 where the total number 
of hares examined during each of seven biological years (May to the following 
April) is plotted. Snowshoe hare numbers reached a peak in 1950, dropped 
drastically for the next three years, then began to climb slowly. 
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Fic. 1. Population trend in snowshoe hares at Anzac, Alberta, over a seven year period. 
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TABLE I 


AVERAGE LITTER SIZE AS DETERMINED FROM EMBRYO COUNTS 


Pregnant hares Total embryos Av. no. embryos per 
Year examined each year pregnancy 
1949 27 111 4.11 
1950 41 161 3.93 
1951 9 30 3.33 
1952 5 11 2.20 
Total 82 313 3.82 


There has been a great deal of speculation in past years as to the causative 
agency or agencies involved in the snowshoe hare cycle. Speculation has 
included every conceivable factor from parasites and disease to extramundane 
phenomena and complex physiological syndromes, etc. 

One of the earliest proposals as to the cause of the cycle was put forth by 
MacFarlane (9). He suggested that litter size varied from year to year, the 
large litters of the years of increase and abundance being replaced by small 
litters during the years of decline and scarcity. Publications by Preble (12), 
Elton (4), and MacLulich (10) tend to corroborate this view. However, none 
of these writers presents numerical data of sufficient quantity or covering a 
sufficient period of years to verify this point. 

On the other hand Criddle (3), Green and Evans (7), and Severaid (17) 
report no correlation between litter size and the cyclic fluctuations in hare 
numbers. Data submitted by Criddle (3) and Green and Evans (7) include 
embryo counts covering 13 and 7 years respectively. 

Table I summarizes data on litter size gathered from embryo counts made 
during the current study. Since attempts at snaring were conducted with 
equal intensity each year, the peak and subsequent ‘‘crash’’ period of the 
hare population is reflected in the number of pregnant females examined 
yearly. Although these data‘cover only four years, the year to year trend 
strongly suggests that reduced litter size accompanies the cyclic decline. 

The four years here referred to include 1949, 1950, 1951, and 1952 only. 
The reference in the introduction to the years 1949-1955 as being included in 
this paper is nevertheless correct since the records were kept with equal 
precision through all these years. But in 1953, when hares were getting very 
scarce, the number of pregnant females obtained was insignificant, while 
during 1954 and 1955 none at all were procured. As we go to press (June, 
1956) a single pregnant female has this year been obtained, indicating a slight 
recovery in numbers, no doubt the start of the upswing of the next cycle. 
This has been the course of events in previous decades and accounts for a 
complete hiatus in our records of embryo numbers during the depressed periods. 

Severaid (17) believes that fewer litters are conceived by females during 
periods of low population densities. This, he submits, is due to the decreased 
chance of successful mating in a widely dispersed population. Since first 
litters are apparently smaller than subsequent ones, he feels that the small 
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TABLE II 


AVERAGE MONTHLY LITTER SIZE 1949 To 1952 INCLUSIVE 


Pregnant hares Total embryos Av. no. embryos per 
Month examined each month pregnancy 
April 2 3 1.50 
May 17 55 3.24 
June 21 83 3,95 
July 31 122 3.94 
Aug. 11 50 4.55 
Total 82 313 3.82 


litters reported during the decline by earlier observers were simply the first, 
and likely the only litters produced in those years. While the above 
hypothesis may well account for some reduction in average size, it is felt that 
the progressive decrease from 4.11 to 2.20 young per litter (Table I) is too 
great to be explained solely on this basis. 

Table II presents the average litter size during the five months in which 
embryos occur. The earliest embryos were encountered on April 22, 1950, 
and the latest on August 18, 1949. It will be noted that there is a distinct 
tendency for average litter size to increase as the breeding season progresses. 

A frequency distribution of litter sizes is shown in Fig. 2. The modal 
frequency is four young per year, and the range is from one to seven. 

In order to determine the reproductive potential of these animals it is 
necessary to know both the average litter size and the average number of 
litters born yearly. Green and Evans (7) utilized embryo count data to 
calculate the average number of litters produced yearly by Minnesota snow- 
shoes. Employing the method outlined in their paper, the average number of 


NUMBER OF LITTERS 





i 2 3 4 5 6 7 
LITTER SIZE 


Frequency distribution of litter sizes. 
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TABLE III 


CALCULATION OF THE AVERAGE NUMBER OF DAYS OF RECOGNIZABLE PREGNANCY 
PER FEMALE HARE PER REPRODUCTIVE SEASON 


Av. no. days of 








Number of Percentage of recognizable pregnancy 
Dates days females pregnant : per hare 
April 22—May 18 27 59 15.93 
May 19-June 7 20 86 17.20 
June 8-July 6 29 86 24.94 
July 7-July 17 11 47 S42 
July 18-July 31 14 67 9.38 
Aug. 1-Aug. 19 19 52 9.88 
Total number of days of recognizable pregnancy per hare 82.50 





litters produced yearly was calculated for hares in the Anzac district. The 
sample size within each time period of Table III (column one) is 20 +2 female 
hares. The average number of days of recognizable pregnancy per hare 
(column four) is determined by multiplying the number of days in any one 
period by the percentage of female hares found to be pregnant during that 
period. The total number of days of recognizable pregnancy per female hare 
per breeding season is obtained by adding the figures of column four. This 
amounted to 82.50 days. 

The average number of litters born to females during the breeding season is 
next secured by dividing the total number of days of recognizable pregnancy 
by the number of days in which hare embryos are distinguishable in utero. 
Since embryos may be recognized as such for about 30 of the approximately 
36 day gestation period (7), the average number of litters produced annually 
by Alberta snowshoes is 82.50/30 = 2.75. 

It is generally acknowledged that the 9- to 10-year cycle is most prominent 
in the more northerly latitudes of the snowshoe’s range. This was noted by 
Howell (8), who associated the greater amplitude of the cycle in northern 
regions with low temperatures. Grange (5) mentions snowshoe hare densities 
in Wisconsin and states: ‘‘We have never encountered anything approaching 
the abundance mentioned by Seton and many other writers.’’ Population 
estimates made during peak years on various sections within the range of the 
snowshoe hare patently illustrate the great difference between northern and 
southern densities. Near Lake Alexander, Minnesota, Green and Evans (6) 
estimated numbers at about 500 hares to the square mile during the peak year 
of 1933. During the same year Criddle (3) estimated hare densities at 
approximately 3000 to the square mile near Treesbank, Manitoba. Similar 
numbers were recorded by Criddle (3) at the previous peak in 1922. Seton 
(16) reports seeing as many as 10,000 to the square mile. In the Athabaska 
district of Alberta, Rowan (15) estimated the snowshoe hare population on 
favorable areas at over 30,000 per square mile during a peak in 1952. 

It was noticed in searching the literature that the average litter size reported 
from northern sections is consistently higher than that reported to the south. 


"7X9 Ut paurnjdxa ‘syunor ok squia mosf payojnzzD) 4 
"Sa4DY aaNdDI Ut paps0zay , 











8 

g 06°F oF 6£61 (11) dyr4d $9 eyseLy 
ra 

" 1S ‘OT 41°Z z8'¢ z8 ZS61 9} 6F6T Apnjs Juaselg o9S e19q|V 
— 

S 80°F 97 efor (or) youn7ToeW ols eqoyuey 
* tre 6F1 SE6T OF EZ6T (¢) eIPPHD 0S eqopueW 
°o 

3 9L°7 ¢¢ S£6T 9} TE6T (O01) YN Pew 6 F-. OF o11ejUuQ 
: 78°9 ds¢e*z 06°Z OFT SE6T 93 ZE6T = =—«-_- (LZ) SUPA, Pu UdaIF) o9F eJOSOUUTI] 
°o 

4 t8°7Z 997 SE6T OF ZE6T (1) snoply o9f eOSIUUTIA] 
<= 

4 €7'8 #787 76'Z 191 I¥6T ©} 6£61 (41) Ppresaaag ob auley 
3 | ; 

x rea Jad saiey SJ9}}I] “OU “AY 9ZIS 19}}I] “AY poulurexs saiey pel9A09 Ayoyyny opnjzize] uoIsdyy 

< queuseaid 330d queuseid ‘on Siva ayewlxoiddy 

g SunoA jenua}0g 

<= 

Oo 





HYVH AOHSMONS FHL NI SYALLIT JO AZIS CNV AAHWNN NO VIVGC JO AXYVAAWNS 


Al ATAVL 


278 












ROWAN AND KEITH: SNOWSHOE HARES 279 


Table IV summarizes this information. In addition the average number of 
litters produced yearly was available in three instances: (1) from Severaid’s 
captive hares in Maine (17), (2), as calculated from embryo counts by Green 
and Evans in Minnesota (7), and (3), from embryo counts made in Alberta 
during the present investigation. The latter two figures are most nearly 
comparable, both being similarly determined from wild populations. 

The final column of Table IV gives the reproductive potential of female 
hares in Maine, Minnesota, and Alberta. The potential yearly rate of 
increase in Alberta was more than 50% greater than in Minnesota, viz., 10.51 
compared to 6.82 young per female hare. Theoretically this discrepancy is 
sufficient to cause a difference of 5.8 times in these two populations after five 
breeding seasons. 

This difference in reproductive potential results from both greater litter size 
and greater numbers of litters a year. The fact that hares in more northerly 
latitudes bear their first litters later than their southern counterparts appears 
to be more than offset by the extended breeding season of the former. Green 
and Evans (7) state that the number of pregnant hares in August is negligible 
in the Lake Alexander area of Minnesota. In Alberta on the other hand, 
13.4% of the recorded pregnancies occurred in August. Criddle (3) reports 
two pregnancies in Manitoba as late as September and states: ‘‘. . . rabbits 
do continue breeding well on towards the end of September and perhaps 
occasionally into October, as young not half-grown and still partly in their 
juvenile pelage have been taken well on towards the middle of December’’. 
It is also of interest that Criddle (3) found eight embryos in pregnant hares 
at least twice. These appear to be top records for the species as the highest 
number reported elsewhere is seven. 

It would seem then that the fecundity of northern hares is distinctly higher 
than southern forms. Although this does not provide an explanation as to 
the cause or causes of the 9- to 10-year cycle, it does, we believe, either fully 
or in part explain the increased amplitude of the peaks in northern regions. 
What is fundamentally responsible for this increased fecundity remains an 
open question. 


Sex Ratios 


The question of sex ratios in the snowshoe hare appears decidedly unsettled 
at this time. It is hoped that data gathered during the current study may 
shed light on the subject. 

Aldous (1) found a sex ratio of 54% males and 46% females in 1625 hares 
collected in Minnesota. Webb (18), also from Minnesota, reports that during 
the winter months more males were caught in box traps than females; in 
summer the reverse was true. This he attributes to vacillating sexual activity. 
Of 386 hares shot in one area in 1936, 57.8% were males; 150 miles away 
where trapping was conducted during the same period, 35% were males. 
The sex ratio of 151 hares shot in Alaska during June and July of 1937 (a 
peak or near peak year) was 19.2% males and 80.8% females (11). Severaid- 
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TABLE V 


SEX RATIOS OF SNOWSHOE HARES AT ANZAC, ALBERTA 

















May to September October to April 
Adults Juveniles All ages 
Year male : female male : female male : female 
1949-1950 31.5 >68.5*° (243) 35.7 : 64.3 (28) 30.3 :69.7* (109) 
1950-1951 46.3 :53.7 (190)t 54.9 :45.1 (71) 60.0 :40.0 (50) 
1951-1952 55.0:45.0 (40) 42:9) 37:1 @ 56.9 :43.1 (51) 





*Chi-square value beyond the 1% level of significance, assuming sex ratio of 1: 1. 

tSample size. 

(17) recorded a ratio of 49.3% males and 50.7% females from 219 live trapped 
adult hares. Males constituted 54.6% of 119 young born during Severaid’s 
study (17). 

Table V presents sex ratios of hares on our own study area. Less than one 
per cent of the hares were taken by methods other than snaring. It is not 
known whether a ‘‘snare bias” exists for either sex, but is deemed unlikely. 
In any case nothing similar to the seasonal trapping bias described by Webb 
(18) is indicated in these data, and the trends exhibited are considered valid. 

Table V shows that there was a statistically significant shift in the sex ratio 
from a preponderance of females in 1949-1950 to approximately equal numbers 
of both sexes in the two subsequent years. Although the juvenile sample 
size is too small to yield a significant chi-square value, the data strongly suggest 
that juveniles also manifested this tendency. That this change should occur 
within the period 1949 to 1952 is of particular interest since during this time 
peak abundance was attained (summer 1950), followed by a rapid decline 
in population. 

It seems likely that sex ratios in the snowshoe hare are seldom stable over 
any lengthy period; instead, like the population size itself, they may vary 
markedly from year to year. This variation appears to be in some way 
associated with the cycle. It is, however, a moot point as to whether changing 
sex ratios actually cause population fluctuations or whether they are merely 
symptoms of some more powerful cyclic force or forces. The latter suggestion 
would appear more plausible. 


Summary 


As part of investigations into the ‘10-year cycle’ in Alberta, embryo 
numbers and sex ratios have been gathered since May 1949 in the Anzac 
district. The average litter size was determined to be 3.82 young and the 
average number of litters yearly was calculated at 2.75. These figures 
combined to produce an annual reproductive potential more than 50% greater 
than that reported in comparable data from Minnesota. It is suggested 
that this increased reproductivity is one of the principal causes of greater 
peak populations in northern regions. 
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The sex ratio of snowshoe hares was found to have shifted from an excess 


of females in 1949-1950 to about equal numbers of both sexes during the next 
two years. This change took place as the peak of the cycle was reached 
and passed. 
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INFLUENCE OF MOISTURE CONTENT AND TEMPERATURE ON 
COLD-HARDINESS OF HIBERNATING INSECTS! 


By R. W. SAtrT? 


Abstract 


Moisture content affected cold-hardiness, measured as ability to supercool, 
only to the extent that it affected the concentration of body fluids and hence 
their freezing points. Supercooling remained approximately constant in 
amount over a wide range of moisture conditions. Only when desiccation was 
severe did it produce appreciable cold-hardening. Chilling at constant low 
temperatures was effective in increasing the cold-hardiness of Bracon cephi 
(Gahan), ineffective in Melanoplus bivittatus (Say) and Cephus cinctus Nott., 
and of doubtful effect in Loxostege sticticalis (L.). The variable temperatures of 
the natural environment produced significant cold-hardening in all four species; 
occasional periods of developmental temperatures are considered more likely to 
be responsible than chilling. Blood density appeared to be related to cold- 
hardiness, but its ready response to other factors obscured the relationship. 


Introduction 


In a previous paper (5), the occurrence of cold-hardening in insects was 
questioned. Cold-hardening was considered to be increased cold-hardiness 
caused exclusively by external factors such as desiccation and chilling, whereas 
that caused by internal factors such as developmental processes was excluded. 
Although this distinction is sometimes convenient it is basically unjustified 
because in both cases the changes are internal and perhaps very similar. 
Changes in cold-hardiness frequently accompany developmental and meta- 
morphic processes but the response to environmental factors has not been 
adequately investigated. The present paper reports the effects of desiccation 
and chilling on the cold-hardiness of several species of hibernating insects, 
all of the “‘freezing-susceptible” type (6). 

The ability to supercool is a measure of the cold-hardiness of freezing- 
susceptible insects. The limit of this ability is measured by gradually cooling 
the insect and observing at what temperature freezing suddenly occurs. This 
is the supercooling point, which represents maximum supercooling when 
duration of supercooling is negligible. Exposure to higher temperatures, as 
under field conditions, may nevertheless eventually result in freezing. For 
example, when larvae of the wheat stem sawfly, Cephus cinctus Nort., with 
supercooling points well below —20° C., were placed at a constant temperature 
of —15°C., about 10% froze within 5 days, 20% within 20 days, and 40% 
within 50 days (4). Nucleation, the process whereby an ice crystal nucleus is 
formed, is dependent on the favorable orientation of molecules and is therefore 
subject to the laws of probability. Hence it is impossible to predict when an 
individual will freeze, except at the maximum supercooling point where the 
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time factor approximates zero, but the time-freezing curve of a population can 
be determined, as in the example above. 

Maximum supercooling temperatures, as customarily measured, are useful 
for comparative purposes, but it is sometimes difficult to decide how small a 
difference is meaningful. In this paper the assumption is made that 
statistically significant differences in supercooling represent real differences in 
cold-hardiness. 


Materials and Methods 


The experimental material consisted of eggs of the two-striped grasshopper, 
Melanoplus bivittatus (Say), and fully grown larvae of the wheat stem sawfly, 
Cephus cinctus Nort., the beet webworm, Lovxostege sticticalis (L.), and a 
parasite of C. cinctus, Bracon cephi (Gahan). All are hibernating, non- 
feeding stages. 

To determine the effect of desiccation on cold-hardiness the insects were 
dried to various degrees, cooled to the supercooling point, weighed, and dried 
at 95° C. to constant weight for moisture content calculation. Chilling was 
imposed at constant temperatures of 0° or 5° C., or under natural conditions 
outdoors during the hibernation season. 

As a basis for comparison, freshly formed cocoons of L. sticticalis were 
stored at 20° C. in moist sifted loam. At the same time similar cocoons were 
buried outdoors under an inch of soil, where they became exposed to tempera- 
tures of 13° to —3° C. during the first seven weeks and 7° to —5°C. in the 
next five. A third group was stored in moist soil at 5°C. Some of the 
cocoons at 5° and 20°C. were later transferred to 0°C. In a similar 
experiment the following year cocoons were exposed to 20° or 0° C. 

The specific gravity of the blood was measured in some experiments in a 
density-gradient apparatus of the type described by Baldwin and House (1). 


Results 

Effect of Moisture Content 

Eggs of M. bivittatus 

The results of freezing 275 partly dried eggs of M. bivittatus are shown in 
Fig. 1, A, where the mean supercooling points for each 3% range of moisture 
content are plotted. Half of the eggs had moisture contents above 55% and 
some of these were not subjected to drying. Cold-hardiness increased as the 
eggs dried, but very slightly at first; it was not until desiccation was lethal or 
nearly so that cold-hardening became appreciable. When body moisture fell 
to about 30%, freezing failed to take place. In such a concentrated medium 
ice crystal nuclei either failed to grow or toform. In the figure these instances 
are shown separately at their corresponding moisture levels. The lowest 
supercooling points were —37.7° and —40.2° C., recorded for eggs of 25 and 
29% moisture respectively. At such extremes of desiccation gross determina- 
tions of body moisture are inadequate; the tissues then differ greatly in 
moisture content, and the supercooling point is probably that of the most 
moist. 








MEAN SUPERCOOLING TEMPERATURE, °C. 


Fic. 1. A, supercooling of drying eggs of Melanoplus bivittatus; B, supercooling of two 
series of drying larvae of Cephus cinctus. Curves fitted by eye. 


A further test of the effect of body moisture on the cold-hardiness of 
grasshopper eggs was obtained by freezing them at various stages of develop- 
ment. Eggs of M. bivittatus normally absorb as much water from the environ- 
ment as they contain when laid (3). In spite of doubling their water content 
the eggs maintained a constant level of cold-hardiness (Table I). 


Larvae of C. cinctus 

Partly dried larvae of C. cinctus, in diapause, exhibited the same relationship 
between cold-hardiness and moisture content as did the grasshopper eggs 
Body moisture reached a near-lethal level before hardening 
became appreciable. 


(Fig. 1, B). 


EFFECT OF NORMAL HYDRATION ON THE COLD-HARDINESS OF WM. bivittatus EGGS 


Supercooling 
Embryonic age Moisture absorption temperature, ° C. 
0- 4 days Not yet started —25.7 + 0.56! 
9-13 days 60-80% completed —25.5 + 0.31 
16-20 days >90% completed —25.8 + 0.25 
>21 days, diapause 100% completed —25.5 + 0.33 





70 60 


'Mean and sk; n = 30. 
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TABLE II 


EFFECT OF DESICCATION ON THE COLD-HARDINESS OF C. cinctus LARVAE 


EXPOSURE TIME, TWO MONTHS 











Per cent Supercooling 
Treatment moisture content temperature, ° C. 
(a) 25°C., moist 62.9 + 1.18! —23.9 + 0.16! 
25° C., dry 48.7 + 0.64 —24.6 + 0.20 
t = 10.61** $ = 2:82°° 
(b) 5°C., moist 60.8 + 0.44 —23.7 + 0.16 
SC ey 53.3 + 0.49 —24.1 + 0.12 
# = 11.29** t = 1.95 


1Mean and sé; n = 25. 
** Significant at the 1% level. 


The discrepancy between the two curves in Fig. 1, B, illustrates the variation 
that often occurs in the cold-hardiness of a species from year to year or among 
groups with different histories. Normally this difference is not so great and 
is hidden by variation within the groups. 

Some comparative tests were made with paired moisture treatments in the 
living range. Wheat stubs containing sawfly larvae in diapause were kept at 
25° C. for two months either in moist soil or at a relative humidity of about 
20%. Although both moisture content and hardiness were significantly 
different (Table II, a), the moisture difference was comparatively great and 
the hardiness difference small. In a similar experiment at 5° C. (Table II, 5), 
the moisture difference was less, but significant, and the hardiness remained 
unchanged. Drying was of course greater at 25° than at 5°C., and a 
comparison showed that the moisture levels were significantly different (4.6%) 
at the 1% level, and hardiness (0.5°) at the 5% level. 


Larvae of L. sticticalis 

Cold-hardiness in larvae of L. sticticalis bore the same general relationship 
to body moisture already demonstrated for grasshopper eggs and sawfly 
larvae. The uniformity of cold-hardiness at normal levels of body moisture 
is further illustrated in Tables IV and V. 


Effect of Temperature—Chilling Temperatures 

Eggs of M. bivittatus 

Eggs in diapause that were exposed for two months at 0° and 25°C. on 
moist blotting paper showed no difference in cold-hardiness (Table III, a). 
The eggs kept at 25° C. were less hardy than eggs of the same stage of develop- 
ment brought in from outdoors in midwinter (Table III, 3). 


4 


Larvae of C. cinctus 

Fall-collected wheat stubs containing larvae in diapause were placed in 
moist soil at 5° and 25°C. After two months both body moisture and 
cold-hardiness were similar (Table III, c). 








ip 


re 


in 


id 





SALT: COLD-HARDINESS OF HIBERNATING INSECTS 


TABLE III 


EFFECT OF VARIOUS CONDITIONS ON THE COLD-HARDINESS OF TWO SPECIES 


Per cent Supercooling 
Treatment moisture content temperature, ° C. 





Eggs of Melanoplus bivittatus 


(a) 0°C., moist, 2 months 70.9 + 0.26! —25.8 + 0.16! 
25° C., moist, 2 months 69.4 + 0.38 —25.4 + 0.14 
{= 3.36"° t = 1.87 
(6) Outdoors until midwinter 67.3 + 0.48 —26.6 + 0.07 
25° C., moist, 2 months 69.4 + 0.38 —25.4 + 0.14 
t = 3.40** § = 7.64** 
Larvae of C. cinctus 
(c) 5°C., moist, 2 months 60.8 + 0.44 —23.7 + 0.16 
25° C., moist, 2 months 62.9 + 1.18 —23.9 + 0.24 
t = 1.72 ¢ = 1.08 
(d) Outdoors until midwinter 58.1 + 0.69 —24.5 + 0.13 
Early fall condition 55.8 + 0.80 —23.9 + 0.20 
i 2.22 t = 3.78** 


1Mean and sk; n = 25, except d, wheren = 30. 
* Significant at the 5% level. 
** Significant at the 1% level. 


Larvae collected in a different year and somewhat drier than normal were 
tested soon after the stubs were cut in late summer, and again in midwinter. 
The wintering set gained in moisture content and also in cold-hardiness 
(Table III, d). 

In addition to those shown in the table, several sets of grasshopper eggs 
and sawfly larvae that had been stored at 0° C. for periods up to a year 
exhibited cold-hardiness similar to stock that was freshly collected or stored 
at 20° or 25°C. 


Larvae of L. sticticalis 

Results of two experiments carried on in two successive years are contained 
in Tables IV and V. In the first, a small but steady increase in cold- 
hardiness occurred during the first few weeks at 20° C., ceasing after about six 
or eight weeks. At 5° C. a small increase in cold-hardiness took place only 
in the first two or three weeks. Cold-hardiness increased to a greater extent 
outdoors than at 5° and 20°C. and continued to increase for at least eight 
weeks. 

Larvae that were transferred to 0° C. after three weeks at 5° C. hardened 
considerably in the next five to seven weeks; those remaining at 5° C. showed 
no change during this period. Larvae transferred to 0° C. after only two weeks 
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TABLE IV 





CHANGES IN COLD-HARDINESS, BLOOD DENSITY, AND BODY MOISTURE ACCOMPANYING THE 
EXPOSURE OF FRESHLY SPUN LARVAE OF L. Sticticalis To 20°, 5°, AND 0° C., AND OUTDOORS 























Per cent Specific gravity Supercooling Value 
Treatment moisture content of blood temperature,°C. of ¢ 
20° C., 0 wk. 67.8 + 0.35! 1.054 + 0.0008! -—22.3 + 0.661 — 
L- zs 69.4 + 0.67 1.049 + 0.0013 -—23.5 + 0.61 ~- 
ee 70.0 + 0.73 1.049 + 0.0008 -—23.2 + 0.40 - 
. 70.3 + 0.76 1.048 + 0.0016 -—23.9 + 0.26 - = 
a 69.4 + 0.31 1.051 + 0.0009 —24.8 + 0.22 _ 
. 70.6 + 0.58 1.051 + 0.0009 -—25.3 + 0.48 — 
2: 71.1 + 0.95 1.050 + 0.0011  —25.1 + 0.42 _ 
Outdoors, 1 wk 66.7 + 0.63 1.058 + 0.0014 -—25.3 + 0.28 2.60* 
2 66.0 + 0.56 1.058 + 0.0013 -—26.6 + 0.11 8.08** 
«i 66.2 + 0.49 1.059 + 0.0008 -—26.0 + 0.35 4.85** 
a 68.8 + 0.44 1.061 + 0.0015  -—27.3 + 0.32 6.25** 
SB: O.3.+°O.72 1.062 + 0.0009 —29.0 + 0.39 6.02** 
13°" 68.2 + 0.96 1.060 + 0.0007 -—29.5 + 0.31 8.59** 
a Ay) a Oke 68.2 + 0.33 1.052 + 0.0011 -—24.2 + 0.29 1.05 
ne 68.1 + 0.41 1.053 + 0.00048 -—25.0 + 0.41 3.12** 
at 68.4 + 0.69 1.052 + 0.0012 —25.3 + 0.36 3.25** 
eS 69.7 + 0.67. 1.053 + 0.0005 -—25.2 + 0.42 —0.83 
ae 70,0 + 0.39 1,055°+°0:0008 —25.2 + :0:27 °1.77 
42.2 69.4 + 0.79 1.053 + 0.0008 -—26.0 + 0.61 1.31 
5°C., 3 wk.,0°C., Swk. 69.4 + 1.10 1.062 + 0.0010 -—28.0 + 0.57 4.00** 
5°C., 3 wk., 0°C.,, 6 wk. 68.9 + 1.08 1.062 + 0,0006 =—28.7 40:27 7.50°° 
SC. 3 wk, OC, Pwk. 71.5 £0. 1:068- + 0:0) |=277.3 +053 <17" 
20° C., 2 wk., O° C., 10 wk. 68.6 + 0.70 1.060 + 0.0012 -—27.4 + 0.23 8.90** 
20° C., 8 wk., O°C., 1 wk. 68.0 + 0.80 1.064 + 0.0022 -—25.3 + 0.81 0.05 
20° C., 8 wk., O°C., 2wk. 68.8 + 0.70 1.063 + 0.0031 -—25.3 + 0.59 0.05 
1Mean and si; n = 10. 
2Value of t when mean supercooling compared to corresponding value at 20 or 5° C. 
* Significant at the 5% level. 
** Significant at the 1% level. 
TABLE V 
CHANGES IN COLD-HARDINESS AND BODY MOISTURE ACCOMPANYING THE EXPOSURE 
oF L. sticticalis LARVAE TO 20° AnD 0°C 
Per cent Supercooling 
Treatment moisture content temperature, ° C. Value of ¢ 
20° C., 0 wk. 69.9 + 0.33! —24.0 + 0.17! — 
in 70.8 + 0.53 —23.8 + 0.35 — 
2 70.8 + 0.47 —23.8 + 0.26 — 
-* 71.6 + 0.42 —22.9 + 0.20 — 
0°C., 1 wk 70.1 + 0.46 —24.4 + 0.15 2.98** 
2a 69.3 + 0.60 —24.3 + 0.17 1.60 
oer 69.7 + 0.38 —25.6 + 0.21 o.30"" 


1Mean and st; n = 20. 
** Significant at the 1% level. 
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at 20° C. hardened considerably in 10 weeks, though it is not known when this 
hardening occurred. Larvae kept at 20° C. for eight weeks and then trans- 
ferred to 0° C. did not harden in two weeks at the latter temperature. 

The last column in Table IV shows the statistical significance of differences 
in supercooling between treated larvae and those held at 20° C., which were 
controls even though they hardened, or at 5°C. Cold-hardening occurred 
outdoors, but doubtfully at 5° C. It also took place at 0° C. in five to seven 
weeks preceded by three weeks at 5° C., and in 10 weeks preceded by two 
weeks at 20° C. 

Moisture content increased gradually, but only slightly in the various 
groups kept in moist soil in the laboratory. Those outdoors were a little drier 
for the first three weeks, but from the 6th to the 12th they were as moist as 
those indoors. Moisture content showed no relationship to cold-hardiness. 

Blood density bore a relationship to cold-hardiness in some cases and not in 
others. Blood was more dense in outdoor larvae than in larvae held at 5° C., 
and more dense in these than in larvae held at 20°C. | Cold-hardiness 
followed the same pattern. However, cold-hardiness increased with time 
whereas blood density did not. The blood density of larvae transferred to 
0° C. after eight weeks at 20° C. increased from 1.051 to 1.064 in one week 
with no change in hardiness. During cocoon-spinning supercooling increased 
about five degrees with no corresponding increase in blood density. 

Results of the second experiment (Table V) indicate a doubtful relationship 
between cold-hardiness and exposure to 0° C. No increase in hardiness was 
observed at 20° C. in this experiment. 


Larvae of B. cephi 

Twenty larvae collected early in their hibernation (Sept. 28) supercooled to 
—29.5 + 0.29°C., whereas 20 brought in from the field on Dec. 19 super- 
cooled to —40.5 + 0.67°C. Another 20 held at 5° C. during the same period 
supercooled to —37.6 + 0.64°C. Mean moisture contents of the second and 
third sets were 65.8 + 0.55% and 64.5 + 0.60% respectively. 


Effect of Temperature—Developmental Temperatures Subsequent to Hibernation 

Larvae of L. sticticalis 

The decrease in cold-hardines§ of overwintering larvae of L. sticticalis as 
they began postdiapause development is shown in Table VI. It appeared to 
begin as soon as the soil started to warm up in late winter. Some loss occurred 
between February and April in 1953 and between January and April in 1954. 
Although in both years the weather was cold up to the date the larvae were 
brought indoors, there had been a few days when developmental temperatures 
were recorded one inch beneath the soil surface. Cold-hardiness lost on such 
occasions was apparently not regained during subsequent colder weather. 
When larvae were incubated at 25° C. they lost cold-hardiness rapidly for 
about three days; at the same time they were fast approaching pupation and 
the blood density was decreasing. 











CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 


TABLE VI 


CHANGES IN COLD-HARDINESS, BLOOD DENSITY, AND BODY MOISTURE ACCOMPANYING 
INCUBATION OF OVERWINTERING LARVAE OF L. sticticalis aT 25° C. IN MOIST SOIL 





Days Per cent Specific 
incubated No. of moisture gravity of Supercooling 

Date brought in from outdoors as” C. larvae content blood temperature, ° C. 
February 13, 1953 0 25 68.8 + 0.65! —1 —30.0 + 0.32! 
” 12 22 74.9 + 0.18 _— —23.4 + 0.31 

April 1, 1953 0 25 69.2 + 0.50 _— —28.6 + 0.41 
= 12 25 _ _— —23.9 + 0.36 
April 21, 1953 0 20 70.4 + 0.03 _— —28.3 + 0.27 
. 1 10 69.3 + 0.62 _— —27.7 + 0.26 

= 2 10 71.1 + 0.75 _— —26.2 + 0.35 

* 5 15 72.7 + 0.83 _- —24.2 + 0.14 
January 13, 1954 0 r 2.) 71.3 + 0.35 _ —28.7 + 0.26 
April 9, 1954 plus 15 days at 0° C. 0 53 73.4 + 0.68 1.059 + 0.0007 —26.9 + 0.83 
re - 1 10 71.5 + 0.83 1.051 + 0.0016 —26.0 + 0.32 

= = 2 10 74.0 + 0.37 1.041 + 0.0006 —23.9 + 0.25 

- " 3 10 74.3 + 0.47 1.039 + 0.0007 —22.3 + 0.40 

e . 4 10 74.5 + 0.52 1.037 + 0.0016 —21.5 + 0.39 

= e 5? 10 74.0 + 0.76 1.036 + 0.0006 —22.2 + 0.30 

- - 63 10 74.2 + 0.65 1.037 + 0.0010 —21.9 + 0.47 


1Mean and sx. 
2First pupa. Not included in data. 
3A bout one-third pupae. Not included in data. 


TABLE VII 


ANTAGONISTIC EFFECTS OF DEVELOPMENT AND DESICCATION ON THE COLD-HARDINESS 
AND BLOOD DENSITY OF L. sticticalis LARVAE 








Per cent Specific 
No. of moisture gravity of Supercooling 

Treatment larvae content blood temperature, ° C. 

Overwintering controls from outdoors 25 73.4 + 0.68! 1.058 + 0.0012! —26.3 + 0.29! 

o°c., 0% BR. H. 20 68.6 + 0.70 1.066 + 0.0016 —27.7 + 0.30 
0°C., 0% R. H. plus 4 days 

25° C., 20% R. H. 10 65.6 + 0.67 1.045 + 0.0030 —24.1 + 0.27 
0°C., 0% R. H. plus 4 days 

25°C., moist soil 10 74.5 + 0.52 1.037 + 0.0016 —21.5 + 0.39 

1Mean and sk. 


Body moisture varied little in these experiments and except in one case was 
unlikely to have much effect on cold-hardiness. The decrease in cold- 
hardiness during postdiapause development at 25° C. was closely paralleled 
by a decrease in blood density, but with no change in body moisture. However, 
larvae dried during incubation exhibited cold-hardiness and blood density 
values that were compromises between the effects of desiccation and those of 
development. Table VII shows the results of antagonistic action when over- 
wintering larvae of L. sticticalis were dried at a subdevelopmental temperature 
and then incubated either moist or dry at 25°C. The drying at 0° C. reduced 
the body moisture, increased the blood density, and slightly increased the 
cold-hardiness. Further drying at a developmental temperature of course 
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produced a further decrease in body moisture, but blood density and cold- 
hardiness both decreased in response to developmental influences. In neither 
case, however, did they decrease as much as in moist larvae incubated at 25° C. 


Larvae of C. cinctus 
Cold-hardiness decreased in this species also as the postdiapause larvae 
developed. 
Discussion 


Many insects undergo a reduction in moisture content before entering 
hibernation, and some of these also exhibit an increase in cold-hardiness. 
Because of this it has often been assumed that cold-hardiness is increased by 
loss of body moisture. This may be expected to the extent that moisture 
loss concentrates the body fluids and thereby depresses the freezing point. 
Lusena (2) has shown that solutes depress supercooling points to the same 
extent that they depress freezing points. Fig. 1 suggests that this is true in 
insects and Fig. 2 gives additional support. Drying blood of C. cinctus larvae 
reacted like the drying salt solution (1% NaCl) in that the solute concentra- 
tion determined the freezing point. The curve is roughly parallel to the 
supercooling curves; in other words the amount of supercooling was approxi- 
mately constant throughout the range of drying. Although freezing points 
are fixed values at given concentrations, supercooling points are not. Being 
subject to chance molecular orientations, supercooling varies about a mean 
value. In addition, factors other than solute concentrations influence super- 
cooling. In the present work the variation became greater as the moisture 
content decreased. Severe desiccation undoubtedly leads to uneven moisture 
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distribution throughout the body, and the supercooling point then probably 
represents that of the moistest tissue, whereas the body moisture measurement 
is an average of all the tissues. Nevertheless Fig. 2 suggests that amount of 
supercooling is fairly constant over a wide moisture range that includes all 
but severely desiccated material. 

Freezing point depression probably accounts for all of the small amount of 
cold-hardening attributable to desiccation in the three species here studied. 
Any greater effect in other species would entail the possession of greater initial 
solute concentration in the tissues and a greater ability to survive higher 
concentrations resulting from moisture reduction. It should be noted that 
the effect of solute concentration is independent of species. 

Desiccation is not the only factor able to depress the freezing points of 
body fluids. Chemical reactions can readily increase the concentration of 
solutes, and it is likely that some of the cold-hardiness changes occurring 
during development and metamorphosis are produced by this means. 

Increased moisture content, illustrated by the normal absorption of water 
by grasshopper eggs, was shown to have no effect on cold-hardiness. At these 
levels of moisture the expected effects of dilution are small and may easily be 
obscured by individual variations in supercooling. It is probable, also, that 
some adjustment in solute concentration is made within the egg so that the 
absorbed water does not simply dilute the egg contents. 

Blood density may be expected to increase when moisture is lost. During 
the postdiapause development of L. sticticalis blood density decreased greatly 
while total body moisture remained constant (Table VI). Such changes could 
result from dilution of the blood at the expense of other tissues, or the addition 
of metabolic water or of lipids, or the transfer of heavy constituents to other 
tissues, or some combination of these. During cocoon formation the super- 
cooling points of larvae of L. sticticalis dropped five degrees with no increase 
in blood density. The specific gravity of the blood remained almost constant 
at 20°C. (1.048-1.051, Table IV) while larvae were hardening appreciably. 
In general, the evidence suggests that blood density varies directly with cold- 
hardiness but is also affected by other factors which obscure the relationship. 

Chilling at constant temperatures of 0° or 5° C. had no effect on the super- 
cooling of eggs of M. bivittatus or larvae of C. cinctus. Exposure outdoors 
under natural conditions produced a small amount of hardening, but chilling 
is less likely to be responsible for this than developmental temperatures. 
Factors other than temperature may have been responsible. Neither species 
needs greater cold-hardiness. 

Chilling had a variable effect on the cold-hardiness of larvae of L. sticticalts. 
The hardening that occurred at 20° C. in one experiment (Table IV) gives 
reason to doubt that chilling acted directly. It is possible that such hardening 
was a continuation of that which took place during spinning, but it failed to 
occur in the second experiment (Table V). Nevertheless it was necessary to 
consider the larvae at 20° C. as controls, and consequently some apparent 
hardening in chilled larvae is nullified (Tables IV and V, last column). Cold- 
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hardening was not adequately demonstrated at 5° C. and that observed in 
outdoor larvae was not necessarily caused by cold. Exposure to 0°C. 
produced erratic results. If variable temperatures are necessary for positive 
results in this species, then temperature is an indirect factor. 

Larvae of Bracon cephi responded very definitely to chilling at 5°C. In 
82 days at this temperature their supercooling points dropped eight degrees, 
compared to 11 degrees in outdoor larvae. A few individuals that spent 
the same period at room temperature supercooled to the same range as fall- 
collected larvae. The gain in cold-hardiness at 5° C. seems attributable to 
chilling, but could be caused by developmental processes possible at this 
temperature. 

Of the four species chilled, two were unaffected or practically so, a third 
was questionably affected, and a fourth was definitely cold-hardened. The 
evidence is not adequate to explain why such variation occurs; however, 
temperature does not seem likely to play a direct part, but rather to affect 
some process which results in greater ability to supercool. The subject of 
nucleation, which deals with the nature of the materials that serve as nuclei 
for ice formation in supercooled water, will be discussed more fully in a subse- 
quent paper, but it should be mentioned here that numerous substances can 
serve as nuclei. With the passage of time, a substance that may at one period 
be the potential nucleus in an insect is likely to undergo changes in character 
and hence nucleating efficiency, or to give way to a more efficient nucleating 
agent. Temperature may or may not influence such a change, and until 
more is known about the nature of nucleating agents about all that can be 
measured is the end result. For this reason the effects of temperature on 
cold-hardiness are referred to as indirect. 

If any generalization is permissible from the results of the present experi- 
ments it may be claimed that two environmental factors, desiccation and 
chilling, are only occasionally important in appreciably cold-hardening insects. 
Certainly most changes in cold-hardiness, in either direction, accompany 
developmental and metamorphic processes during the entire life cycle. Most 
of these have no practical significance because they occur during warm 
seasons, though they should serve equally well in a study of causative agents. 


Summary 


The ability of two environmental factors, desiccation and chilling, to 
produce cold-hardening was investigated in three or four species of freezing- 
susceptible insects and distinguished from cold-hardiness changes accompany- 
ing developmental processes. | Cold-hardiness was measured in terms of 
supercooling. 

Progressive drying increased cold-hardiness to a minor degree until body 
fluids became very concentrated, when the rate of change increased rapidly. 
This was caused by decreasing freezing points responding directly to the 
concentrating of solutes. Hence the amount of supercooling remained 
approximately constant. 





294 CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 


Increased moisture content, illustrated by normal water absorption into 
grasshopper eggs, produced insignificant cold-hardiness changes in accordance 
with its slight effect on the freezing point at these moisture levels. 

Blood density was increased by desiccation and in some cases showed a 
relationship to cold-hardiness. However, blood changes its composition in 
response to many other factors and this obscured the density-hardiness 
relationship. 

Chilling at constant low temperatures did not cold-harden eggs of 
M. bivittatus or larvae of C. cinctus, but definitely cold-hardened larvae of 
B.cephi. It produced variable and uncertain results in larvae of L. sticticalis, 
the controls of which cold-hardened considerably at 20° C. in one experiment 
but not in a second. All four species hardened to a greater extent under 
natural conditions outdoors than at constant low temperatures. Intermittent 
periods of developmental temperatures recorded in the outdoor environment 
were probably responsible, rather than the lower temperatures. Such action 
would be comparable to the many changes in cold-hardiness that accompany 
developmental processes throughout the entire life cycle. 

The effect of moisture content on cold-hardiness, acting as it does 
through the solute concentration — freezing point relationship, is non-specific. 
Temperature, acting on various processes, affects cold-hardiness through them 
or not at all, depending on the species; moreover, the process involved 
determines the level of temperature that is effective. 
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STUDIES ON THE LIFE CYCLES AND MORPHOLOGY OF THE 
LARVAL STAGES OF ALARIA ARISAEMOIDES AUGUSTINE 
AND URIBE, 1927 AND ALARIA CANIS LARUE AND 
FALLIS, 1936 (TREMATODA: DIPLOSTOMIDAE)! 


By J. C. PEARSON? 


Abstract 


A. arisaemoides and A. canis have three-host life cycles. In both species there 
is a mesocercarial stage interpolated between the cercarial and the metacercarial 
stages. The mesocercaria develops in the second intermediate host and is 
infective for the definitive host. In the lungs of the definitive host the meso- 
cercariae develops into a diplostomulum which in turn develops into an adult 
in the small intestine. Mesocercariae survive without developing further in a 

variety of paratenic hosts, for example, certain frogs, snakes, birds, and 
mammals. The morphology of the larval stages and the intramolluscan genera- 
tions is described and observations on the following are given: rate of develop- 
ment, hatching of the egg, and swimming of the miracidium of A. arisaemoides; 
route of emergence from the snail host, variations in emergence, time of 
emergence and numbers emerging, activity, and penetration of the second 
intermediate host by the cercariae; and locomotion and the change in distribution 
of the mesocercariae of A. arisaemoides and A. canis during metamorphosis of 
the tadpole host; and egg production by the adult of A. canis. 


Introduction 


In a survey of the trematode parasites of Ontario mammals carried out in 
1951, members of the genus Alaria were the species found most frequently. 
Alaria canis LaRue and Fallis, 1936 was found in 10 of 34 timber wolves, 
Canis lupus Schreber; one of two brush wolves, Canis latrans, Say; 9 of 10 
red foxes, Vulpes fulva (Desmarest); one of three lynx, Lynx canadensis Kerr; 
the only bobcat examined, Lynx rufus Schreber;, and two of four fisher, Martes 
pennanti (Erxleben). The last three are new host records. Alaria arisaemoides 
Augustine and Uribe, 1927 was found in one of 10 red foxes. Alaria taxideae 
Swanson and Erickson, 1946 was found in six of 16 marten, Martes americana 
(Turton). This is a new host record. Alaria minnesotae Chandler, 1954 was 
found in three striped skunks, Mephitis mephitis (Schreber). 

A survey of the literature showed that the complete life cycles of four species 
of Alaria had been worked out, viz., Alaria mustelae Bosma, 1931, Alaria 
intermedia (Olivier and Odlaug) Odlaug, 1940, Alaria marcianae (LaRue) 
Cuckler, 1949, and Alaria alata (Goeze) Krause, 1914. In addition, part of 
the life cycle of a species of Alaria was worked out by Lutz (62). The work 
of Lutz (62) on Alaria sp., Bosma (6, 7) on A. mustelae, and Odlaug (70) on 
A. intermedia, led these authors to conclude that species of Alaria have a 
four-host life cycle involving a snail, a tadpole, a small mammal, and a 
carnivore. In the tadpole, the cercaria developed into a mesocercaria, not into 
a metacercaria. The metacercaria developed from the mesocercaria in the 
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mammalian third intermediate host. Cuckler (23, 24, 25) then showed that 
the mesocercariae of A. intermedia and A. marcianae developed into meta- 
cercariae in the lungs of the definitive host, and that the metacercariae 
migrated to the gut of the same host, and there reached sexual maturity. Thus 
the life cycle was completed in a succession of three hosts. Potekhina (80, 81), 
Petrov and Dubnitski (77), and Stefanski and Tarczynski (90) showed that 
the mesocercaria of A. alata could infect the definitive host, and become a 
sexually mature adult in it. These authors considered the mesocercaria to 
be a metacercaria, and, perhaps as a consequence of this view, did not look 
for somatic migration of the mesocercaria in the definitive host as described 
by Cuckler (23). Cuckler (24) and Potekhina (81) pointed out that Bosma (7) 
did not attempt to infect the definitive host directly by feeding it mesocercariae 
of A. mustelae, and consequently did not demonstrate experimentally that the 
life cycle of this species could not be completed in a succession of three hosts. 

The present study on A. arisaemoides and A. canis was undertaken to 
determine the life cycles, and to describe the morphology, and, in part, the 
behavior, of the larval stages. Experimental work was begun with eggs 
dissected from known adults found in wild foxes and wolves, and the life 
cycles of both species were followed in the laboratory. 


Materials and Methods 


Eggs of A. arisaemoides and A. canis were dissected from adults recovered 
from freshly killed foxes, timber wolves, and brush wolves. Eggs were 
obtained from the feces of experimentally infected hosts by washing and 
re-sedimenting in a cylinder. Eggs were cultured in tap water in covered 
dishes, without changing the water. 

Colonies of various snails were started from egg masses laid in the laboratory. 
Snails were kept in tap water which had been aged in crocks over powdered 
calcium carbonate; but despite the added calcium, the shells of laboratory- 
reared snails were frequently eroded. Snails were fed lettuce, and well-soaked, 
weathered maple leaves. Lymnaeids and Helisoma spp. ate fresh lettuce 
leaves, whereas physids and species of Gyraulus, Planorbula, and Promenetus 
preferred crushed lettuce leaves. 

Snails were exposed to eggs in small crystallizing dishes either by adding 
the eggs or by putting them in small vials with covers of cheesecloth to prevent 
the snails from eating the eggs (method of Odlaug, 1940). Snails were 
considered negative for cercaria-producing infections if no cercariae had 
emerged in twice the prepatent period as determined experimentally. 

The route of emergence of cercariae from the snail hosts was observed by 
fixing the shell of the snail in one position while the foot was extended as in 
normal locomotion. This was accomplished by clamping the shell of the snail 
in a pair of locking forceps, with flexible celluloid tips. The forceps were 
clamped to a stand so that the snail was held in a Petri dish with the mouth 
of the shell pointing upwards and the collar and pseudobranch clearly visible. 
With the snail clamped in position, a small glass ball was held near the mouth 
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of the shell until the snail’s foot took hold of it and the snail tried to crawl on 
the ball. As the foot progressed over the ball, the latter revolved slowly and 
thus the snail, with foot extended, was fixed in one place. 

Tadpoles, frogs, and larval salamanders were raised in the laboratory from 
eggs. Larvae of the salamander, Ambystoma jeffersonianum, were cannibalistic, 
only one surviving in each dish, whereas the larvae of A.'maculatum would 
starve to death without attacking one another. 


Amphibians were exposed to infection, singly or in groups, in small dishes 
containing cercarial suspensions. Garter snakes and house mice were exposed 
to a large number of cercariae in about 1 in. of water in gallon jars. Garter 
snakes were exposed three times for three hours each time and house mice 
were exposed three times for half an hour each time. 

Forty-two garter snakes, Thamnophis sirtalis (L.), were born in the 
laboratory, and fed earthworms and occasionally sea fish. Since the mothers 
of these snakes might have eaten frogs or tadpoles infected with mesocercariae 
while the embryo snakes were still 7m utero, 15 of them were examined as a 
control against the possibility of prenatal infection with mesocercariae. No 
mesocercariae were found in any of the control group. 


Foxes, dogs, and brush wolves were used as definitive hosts. The foxes 
were ranch-raised and had not had access to wild foods. The brush wolves 
had been brought into captivity unweaned, and repeated examination of their 
feces prior to the experimental feedings failed to show trematode eggs. The 
dogs were treated with arecoline hydrobromide when brought into the 
laboratory and were negative for trematode eggs by fecal examination prior 
to the experimental feedings. The dog that was fed mesocercariae from the 
naturally infected otter did not receive an anthelminthic before the experi- 
mental feeding, but as its feces were negative for trematode eggs for one 
month after it was fed the mesocercariae, it was assumed that it was not 
infected with Alaria when it was brought into the laboratory. Mesocercariae 
were fed in diluted milk, in enteric-coated gelatin capsules enclosed in balls 
of dog food, or in whole tadpoles. As definitive hosts, expecially foxes, 
frequently vomited during or shortly after the feedings, the animals were fed 
more than once to ensure infection. Because of this, it was impossible to 
estimate the number of mesocercariae ingested. Ferrets, Mustela putorius L., 
house mice, Mus musculus L., and deer mice, Peromyscus maniculatus 
(LeConte), were laboratory-reared. Chickens, Gallus gallus (L.), ducks, 
Anas boschas L., and goldfish, Carassius auratus (L.), were obtained from 
hatcheries. Raccoons, Procyon lotor (L.), were weaned in captivity. Meso- 
cercariae were fed to ferrets and raccoons in diluted milk, which was taken 
without untoward effects; to ducks and chickens by a syringe introduced into 
the oesophagus; to mice by stomach tube or on moistened bread or dog 
biscuit; and to snakes, frogs, and goldfish by stomach tube. The stomach: 
tube consisted of a 10 cc. hypodermic syringe with a length of polyvinyl tubing 
attached to the needle. To demonstrate epidermal plates, miracidia were 
dropped into 0.5% aqueous silver nitrate at 65° to 70° C., washed with water, 
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exposed to a strong light, dehydrated in alcohol, and mounted in Canada 
balsam (method of Lynch, 1933). Measurements of mother and daughter 
sporocysts were made from camera lucida drawings. Cercariae were fixed for 
measuring by adding an aliquot of boiling 10% formalin to water containing 
cercariae. Mesocercariae were fixed by being dropped into boiling 10% 
formalin. Fixed mesocercariae were cleared and mounted in glycerin for 
measuring and for studying the outer muscle fibers. They were stained with 
acid Mayer’s haemalum, dehydrated, and mounted in Canada balsam to 
demonstrate the genital rudiment. Diplostomula and adults were fixed by 
being dropped into boiling 10% formalin or boiling F.A.A., stained with acid 
Mayer’s haemalum, dehydrated, and mounted in Canada balsam. 


Life Cycle of A. arisaemoides 


First Intermediate Host 5 

To determine the snail host (or hosts) of A. arisaemoides, the following 
species of pulmonate snails were exposed to infection with miracidia; 
Planorbula armigera (Say), Promenetus exacuous (Say), Gyraulus parvus (Say), 
Helisoma trivolvis (Say), H. antrosa (Say), family Planorbidae; Ferissia sp., 
family Ancylidae; Physa sp., family Physidae; and Lymnaea stagnalis, 
L. palustris, ard I. emarginata, family Lymnaeidae (Table I). Miracidia 


infected Planor» armigera (Fig. 73) and Promenetus exacuous (Fig. 74), 
cercariae first erec:,ing 18 to 26 days after exposure at room temperature. 
No cercaria-producing infections developed in any of the snails of the other 
species. 


It was found that no snails of Planorbula armigera and Promenetus exacuous 
which were less than one week old became infected, whereas about one half 
of the snails of these two species which were older than one week did become 
infected (Table I). 


Second Intermediate Host 

The following species of amphibians were exposed to cercariae to determine 
which species could serve as hosts; the anurans, Rana sylvatica LeConte, 
R. pipiens Schreber, R. clamitans Latreille, Hyla crucifier Wied., Pseudacris 
nigrita (Wied.), and Bufo americanus (Holbrook); and the urodeles, Triturus 
viridescens (Rafinesque), Ambystoma jeffersonianum (Green), and A. maculatum 
(Shaw) (Table II). 

Cercariae readily penetrated, and developed into mesocercariae in all of the 
tadpoles of R. pipiens, R. sylvatica, and B. americanus that were exposed to 
infection. The dissection of numerous tadpoles of these three species showed 
that mesocercariae were similarly distributed in all three species. Meso- 
cercariae were scattered through the fibro-gelatinous tissue and between the 
skin and the muscles of the tail fin, under the skin of the abdominal wall, 
especially ventrally and posteriorly in the thick layer of subcutaneous 
gelatinous connective tissue, over the back, among the muscles of the lower 
jaw, and among the extrinsic eye muscles. Mesocercariae did not occur on 
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RESULTS OF THE EXPOSURE OF VARIOUS SPECIES OF SNAILS TO 
MIRACIDIA OF A. arisaemoides 


(E, eggs; M, miracidia; SM, single miracidium; W, wild-caught) 











Age and source Method of -No. No. 
Snail species of snails exposure exposed infected 
Planorbula armigera 4 months SM 36 2 
Adults SM 24 3 
Adults M 11 3 
4 grown E 101 54 
< 1 week E 24 0 
G. parvus Various ages E 24 0 
2-3 months E 7 0 
Adults (W) E 18 0 
1 week M and E 14 0 
Promenetus exacuous < 1 week M 24 0 
Various ages E 21 8 
H. trivolvis 1 month E 24 0 
2 months SM 4 0 
2 months E 10 0 
3-4 months M and E 30 0 
Adults E 19 0 
H. antrosa Adults M 5 0 
Ferissia sp. Various ages M and E 14 0 
Physa sp. ? E 10 0 
1 week M 23 0 
2 months M and E 12 0 
L. stagnalis 14 months E 20 0 
L. palustris 1 week M 24 0 
2 months E 18 0 
4 months E 10 0 
L. emarginata 2-3 weeks M and E 12 C 
4 months E 6 0 


TABLE II 


RESULTS OF EXPOSURE OF VARIOUS SPECIES OF AMPHIBIANS TO CERCARIAE 


oF A. arisaemotides 








Species of No. Stage Cercariae Develop into 
amphibian exposed exposed penetrate mesocercariae Develop in 
B. americanus 25 Tadpole + + 3 weeks 
H. cructfer 1 Tadpole + Died at 9 days 
P. nigrita 2 Tadpole + Died at 9 days 
R. sylvatica 32 Tadpole + + 2 weeks 
R. pipiens 70 Tadpole + + 2 weeks 
1 Frog + + 
R. catesbiana 14 Tadpole + - 
T. viridescens 2 Larva - - 
1 Adult + = 
A. jeffersonianum 3 Larva + - 
A. maculatum 4 Larva - 
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or in the viscera in the coelom, except in a few cases where tadpoles a few days 
old had been exposed to a large number of cercariae. The location of the 
densest concentrations of mesocercariae varied among the tadpoles. In 
young infections, most of the cercariae were free in the subcutaneous lymph 
spaces. In old infections (ca. one to two months), most of the cercariae were 
under the sheath of the muscles, or between the fibers of the muscles of the 
body and tail. In tadpoles of Bufo americanus, the mesocercariae in the tail 
fin were partly enclosed by fibrous tissue. Little host reaction was observed 
in the tail fin of tadpoles of Rana pipiens and Rana sylvatica. In all three 
species of tadpoles an occasional mesocercaria was encapsulated under the 
skin, over the back, or over the gill region. In only one tadpole (of Rana 
pipiens) was an encapsulated mesocercaria dead, all of the others were alive 
and quickly left their cysts during the dissection of the tadpole in physiological 
saline. 

To see whether R. pipiens could be infected in both the tadpole and adult 
stages, a young, laboratory-reared frog was exposed to cercariae and examined 
one month later. At this time a few fully developed mesocercariae were 
found. Cercariae, then, can infect both tadpole and adult. However, a 
rough calculation, based on estimates of the number of cercariae used in the 
exposures and counts of the number of mesocercariae in the resultant infections, 
showed that about half of the cercariae put with a tadpole of Rana pipiens 
became mesocercariae, whereas only about 1 in 400 cercariae became a 
mesocercaria in the frog. This difference can be explained by the observation 
that when a tadpole was placed in a cercarial suspension, many cercariae were 
seen to penetrate it, whereas when a frog was put with cercariae, few were 
seen to penetrate. 

Cercariae readily penetrated tadpoles of R. clamitans but failed to develop 
in them. In view of the success obtained in infecting the other species of 
tadpoles, a second group of tadpoles of R. clamitans was exposed to cercariae 
to discover the fate of cercariae that penetrated. The second group of young, 
laboratory-reared tadpoles of R. clamitans were exposed singly to hundreds of 
cercariae and examined at intervals thereafter. Cercarial bodies, both alive 
and dead, were found in three tadpoles six hours after exposure; more were 
dead than alive in three tadpoles at 12 hr. Few cercarial bodies were alive at 
24 hr. and all were dead at 42 hr. Many of the cercarial bodies were partially 
destroyed within 42 hr., presumably by the leucocytes which had gathered 
about the dead worms. Small accumulations of leucocytes were all that was 
found in two tadpoles at 48 hr. No traces of cercarial bodies were found in 
one tadpole at 9 days, 10 at 15 days, or one at 23 days. From this, it can be 
seen that cercarial bodies which penetrated tadpoles of R. clamitans were 
killed and most of them were destroyed within two days. 

Cercariae readily penetrated tadpoles of H. crucifer and P. nigrita, and 
although the tadpoles died before mesocercariae had time to develop fully, the 
fact that the developing mesocercariae were as advanced as in tadpoles of 
R. pipiens at the same time (nine days) suggests that these two species may 
be suitable second intermediate hosts. 
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Cercariae did not penetrate larvae of T. viridescens or A. maculatum, and 
although a few cercariae penetrated larvae of A. jeffersonianum, they failed 
to develop, and were destroyed within three days. 

Since snakes are commonly found with natural infections of mesocercariae 
of Alaria spp., two garter snakes were exposed to large numbers of cercariae to 
see whether they could be infected in this way. When the snakes were 
examined one and two months after infection, no mesocercariae were found. 
It would appear, then, that garter snakes do not become infected by cercariae. 
It will be shown later that garter snakes are readily infected with mesocercariae. 


Definitive Host 

Mesocercariae were fed to two foxes and a brush wolf to see whether these 
larvae would undergo a somatic migration and then develop into sexually 
mature adults in the small intestine. 

The first fox was given mesocercariae in two feedings a day apart. It was 
examined 16 days after the first feeding. The lung parenchyma contained three 
mesocercariae, three transition stages from mesocercaria to diplostomulum, 
and 10 diplostomula. The trachea contained 10 mesocercariae, 10 diplosto- 
mula, and the small intestine contained 10 diplostomula. No worms were 
found in the abdominal or thoracic cavities or in the diaphragm. 

A brush wolf was fed mesocercariae six times in two weeks. It was examined 
19 days after the first feeding and six days after the last. One mesocercaria 
was found in the abdominal cavity and one in the thoracic cavity. Many 
worms, in various stages from mesocercariae to diplostomula, were found in the 
lung parenchyma. No worms were found in the bronchi, trachea, oesophagus, 
or small intestine. 

A second fox was given mesocercariae in two feedings three days apart. 
Eggs were found in the feces for the first time 34 days after the second feeding 
and increased in number during the next two weeks. Five months later, few 
eggs were being passed in the feces; this condition prevailed during the next 
four months, at the end of which time the fox was again fed mesocercariae in 
three feedings. The fox was examined 23 days after the last feeding; one 
immature adult of A. arisaemoides was found in the small intestine. Since no 
mature worms were recovered, it is concluded that the first infection had 
terminated before the fox was examined. In the first infection, the adults of 
A. arisaemoides lived for almost a year, a surprisingly long time for an 
adult diplostomid. 

From the foregoing it can be seen that when mesocercariae of A. arisaemoides 
were fed to the definitive host, they underwent a somatic migration to the 
lungs, where they developed into diplostomula, which, in turn, made their 
way, apparently by way of the bronchi and trachea, to the gut where they 
developed into sexually mature adults. Thus, A. arisaemoides has a life cycle 
involving three essential hosts. 
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Paratenic Hosts 

While the infection of the definitive host with mesocercariae demonstrated 
that only three hosts are essential for the completion of the cycle, the question 
of auxiliary hosts remained open. To investigate this, mesocercariae were fed 
to frogs of Rana clamitans, garter snakes, a domestic chicken, domestic ducks, 
house mice, deer mice, a ferret, and a raccoon. 

Three green frogs (Rana clamitans) were fed mesocercariae two to three 
weeks after absorption of the tail and examined one day, two weeks, and four 
weeks later, at which time mesocercariae showing no advance in development 
were found between the thigh muscles distally and between the episternum 
and the hyoid. From this it can be seen that adults of R. clamitans served as 
paratenic hosts for the mesocercaria of A. arisaemoides, an interesting result 
when it is recalled that tadpoles of R. clamitans were refractory to infection 
by the cercariae of A. arisaemoides. 

Five young garter snakes were fed mesocercariae from experimentally 
infected tadpoles and frogs. All five snakes became infected with meso- 
cercariae, which showed no signs of developing into diplostomula. Most of 
the mesocercariae were massed on the tongue-sheath, or on the trachea; a few 
mesocercariae were in the fat bodies, mesenteries, and pericardial sac. In 
two snakes, mesocercariae were massed in the space between the skin and the 
musculature about half way back on the ventral side of the tail. Mesocercariae 
were not encapsulated in the tail, mesenteries, or pericardial sac, a slight host 
reaction (fibrous) being seen only in the tail. The few mesocercariae in the 
fat bodies were in large clear, fluid-filled vesicles with some ambient fibrosis. 
The masses of mesocercariae on the tongue-sheath and on the trachea were 
encapsulated. Within the capsules, the massed mesocercariae were free in a 
fluid containing leucocytes. However, even in an eight-month-old infection 
there was no evidence of the destruction of mesocercariae by the host. When 
encapsulated masses were removed to saline, the mesocercariae quickly made 
their way out through the capsule into the saline. 

Each of three, one-month-old domestic ducks was fed about 500 meso- 
cercariae. The ducks were killed 7, 13, and 21 days after the feedings and the 
viscera, mesenteries, rib cage, and subcutaneous region were examined. No 
worms were found in any of the ducks. 

A domestic chicken (one month old) was fed about 400 mesocercariae and 
killed 29 days later. A few mesocercariae, showing no advance in develop- 
ment, were found encapsulated in subcutaneous fat over the base of the neck 
and the fore part of the breast (10), between the fibers of the pectoral muscles 
posteroventral to the glenoid fossa (12), under the visceral layers of the 
pericardium over the left ventricle (2), and in fat in the atrioventricular sulcus 
(1). No mesocercariae were found on the other viscera, in the lungs, or on 
or in the muscles surrounding the body cavity. 

A raccoon, which had been weaned in captivity, was fed about 500 
mesocercariae in two feedings. When killed and examined one year later no 
mesocercariae were found in the viscera, mesenteries, or adjacent muscles. — 
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A ferret was fed 1500 mesocercariae in three feedings. When killed and 
examined three months after the last feeding, no worms were found in the 
viscera, mesenteries, or adjacent muscles. 

Eight house mice were fed mesocercariae. One mouse was killed at one 
month, three at seven months, two at eight months, one at 10 months, and 
one at 12 months after exposure. Mesocercariae were found encapsulated in 
the fascia and stroma of the scapular brown fat, in the adjacent fascia and 
white fat, in the fascia and stroma of the cervical glands and lymph nodes, 
in the fat over the sympathetic trunks in the thoracic cavity, and, less 
frequently, in the loose connective tissue about the great vessels of the heart, 
in subcutaneous fat ventrally, and on the kidneys. In the house mice killed 
eight months after exposure and in the one killed at 10 months, numerous 
cyst-like bodies, many of which were smaller than cysts containing meso- 
cercariae, were found in the various sites along with encapsulated 
mesocercariae. These bodies occurred on the lungs of one mouse, a site 
where encapsulated mesocercariae were never found. No mesocercariae were 
found associated with these bodies. The mesocercariae showed no advance 
in development over their condition in tadpoles. 

Three deer mice were fed mesocercariae; two of these were examined three 
months later and the third was examined one year later. Encapsulated 
mesocercariae were found in the stroma and adnexae of the scapular brown 
fat, the loose connective tissue in the axillae, subcutaneous fat ventrally, and 
the stroma and adnexae of the thyroid gland. The mesocercariae showed no 
advance in development, even in the deer mouse examined one year after 
exposure. 


The Life Cycle of A. canis 


First Intermediate Host 

As with A. arisaemoides, various species of laboratory-reared snails were 
exposed to infection with miracidia of A. canis to determine which species 
would serve as hosts. Five species of snails belonging to the family Planorbidae 
were exposed, viz. Helisoma trivolvis (Say), H. campanulatum (Say), H. duryi 
(Wetherby), Planorbula armigera, and Gryaulus parvus (Table III). ZH. trivolvis 


TABLE III 


RESULTS OF THE EXPOSURE OF VARIOUS SPECIES OF SNAILS TO MIRACIDIA OF A. canis 








Snail host Age in months No. exposed No. infected 
H. trivolvis 34 8 1 
4 12 6 
5-6 8 3 
6 26 12 
7 50 27 
H. campanulatum 9 11 11 
H. duryi 3 6 1 
P. armigera 2-3 12 0 
G. parvus 3-4 12 0 
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and H. campanulatum are autochthonous species, whereas H. duryi is 
indigenous to Florida, and is apparently the common red ramshorn snail of 
aquarists. Since H. duryi is easily reared it is a useful laboratory species. 
Miracidia infected H. trivolvis, H. campanulatum, and H. duryi, cercariae first 
emerging 28 to 34 days later at room temperature. No cercaria-producing 
infections developed in P. armigera or G. parvus. 

These results show that Helisoma trivolvis (Fig. 75), H. campanulatum 
(Fig. 76), and H. duryi are suitable first intermediate hosts for A. canis and 
suggest that P. armigera and G. parvus are not suitable hosts. 


Second Intermediate Host 

The following species of amphibian larvae were exposed to cercariae to 
determine which species would serve as hosts; the anurans, Rana pipiens, 
R. sylvatica, R. clamitans, Pseudacris nigrita, and Bufo americanus, and the 
urodeles, Triturus viridescens, Ambystoma jeffersonianum, and A. maculatum 
(Table IV). 

Cercariae penetrated, and developed into mesocercariae, in all of the 
tadpoles of R. pipiens, R. sylvatica, P. nigrita, and B. americanus that were 
exposed. The distribution of, and host reactions to, mesocercariae in these 
three species were the same as those of mesocercariae of A. arisaemoides. 
R. pipiens could be infected in both the adult and tadpole stages, but fewer 
mesocercariae developed in the frog than in the tadpole. A rough calculation, 
based on estimates of the number of cercariae used in the exposures and counts 
of the number of mesocercariae in the resultant infections, showed that about 
a fifth of the cercariae put with a tadpole became mesocercariae within it, 
whereas about one cercaria in 100 became a mesocercaria in a frog. This 
difference can be explained by the observation that when a tadpole was placed 
in a cercarial suspension, many cercariae penetrated, whereas when a frog 
was put with cercariae, few penetrated. 


TABLE IV 


RESULTS OF EXPOSURE OF VARIOUS SPECIES OF AMPHIBIANS TO CERCARIAE OF A. canis 











Species of No. Stage Cercariae Develop into 
amphibian exposed exposed penetrate mesocercaria Develop in 
B. americanus 28 Tadpole + + 3 weeks 
P. nigrita 3 Tadpole + + 3 weeks 
R. sylvatica 31 Tadpole + + 2 weeks 
1 Frog + + 
R. pipiens 44 Tadpole + - 2 weeks 
1 Frog + Sat 
R. clamitans See below Tadpole + - 
T. viridescens 2 Larva + _ 
1 Adult = 
A. jeffersonianum 10 Larva + ee 
A. maculatum 5 Larva = = 
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Cercariae penetrated tadpoles of R. clamitans, and, although cercarial bodies 
were found in tadpoles four days after exposure, no mesocercariae were found 
in tadpoles one month after exposure. In view of the success met with in 
infecting the other species of tadpoles in the genus Rana, more tadpoles of 
R. clamitans were exposed to cercariae to determine the fate of the cercariae 
which penetrated. In this experiment, 14 tadpoles were exposed singly or in 
pairs to hundreds of cercariae and examined at intervals from two to 11 weeks 
after exposure. Small numbers of mesocercariae were found in only five 
tadpoles, at one, three, seven, and 11 weeks. The mesocercariae in the 
tadpole killed three weeks after exposure were not fully developed, suggesting 
that development is slower than in tadpoles of R. pipiens, where mesocercariae 
reached full development within two weeks. These results indicate that the 
tadpole of R. clamitans is a less suitable host than the tadpoles of R. pipiens, 
R. sylvatica, B. americanus, and P. nigrita. 

Cercariae penetrated but failed to develop and died in the larva and adult 
of Triturus viridescens, and in the larvae of Ambystoma jeffersonianum and 
A. maculatum. 

As with A. arisaemoides, two young garter snakes were exposed to large 
numbers of cercariae. No mesocercariae were found in the two snakes when 
they were examined two months after exposure. 


Definitive Host 

Mesocercariae were fed to three foxes, one brush wolf, and one dog to see 
whether these larvae would undergo a somatic migration and then develop 
into sexually mature adults in the small intestine, in the manner described 
by Cuckler (24, 25) for A. intermedia and A. marcianae. 

The first fox was examined 24 hr. after a single feeding of mesocercariae. 
Six mesocercariae were found in the abdominal cavity, one in the thoracic 
cavity, and eight in the blood from the liver. No mesocercariae were found 
in the diaphragm or in the contents or wall of the small and large intestine. 
The blood was obtained by removing the liver and intestine with the hepatic 
portal system intact and the hepatic vein clamped off, opening the hepatic 
vein over a dish, and squeezing the liver and intestine. 

A second fox was fed mesocercariae six times in one week and examined 
13 days after the last feeding. More than 100 worms, in all stages from 
mesocercaria to diplostomulum, were found in small abscesses in the lung 
parenchyma (Fig. 77). No worms were found in the abdominal cavity or in 
the small intestine. 

A third fox was fed mesocercariae in one feeding and examined 36 days 
later. Five diplostomula were found in small abcesses in the lung parenchyma; 
15 similar lesions were noted but not examined. Several hundred worms, in 
all stages from diplostomula to mature adults, were found in the first third of 
the small intestine. 

A dog was fed mesocercariae twice, 27 days apart. Eggs appeared in the 
feces of the dog for the first time 34 days after the first feeding. The dog 
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was fed mesocercariae a third time 11 days later, and was examined 43 days: 


after the third feeding. Twelve developing diplostomula were found in small 
abscesses in the lung parenchyma, and dozens of worms, in all stages from 
diplostomula to mature adults, were found in the first third of the small 
intestine. 

A brush wolf was fed mesocercariae in a single feeding. Eggs first appeared 


in its feces 34 days later. The number of eggs in a stool increased for the: 


next two weeks. Three months later, few eggs were found in a whole stool. 


By five months after the feeding, no eggs were found in the feces. The wolf 


was examined at this time and 46 adult worms were found in the first third of 


the small intestine. No worms, nor traces of host reaction, were found in the: 


lung parenchyma. 

From the foregoing it can be seen that when mesocercariae of A. canis were 
fed to the definitive host, they underwent a somatic migration to the lungs, 
where they developed into diplostomula. These in turn, made their way, 
presumably by way of the bronchi and trachea, to the first part of the small 
intestine, where they developed into sexually mature adults. Mesocercariae, 


when ingested, left the gut and entered the viscera within 24 hr. The findings. 


on the first fox suggest that some of the mesocercariae may travel to the lungs 
via the blood stream. Mesocercariae had reached the lungs and had developed 
there into diplostomula in about three weeks, and adult worms were producing 
eggs about one month after the ingestion of mesocercariae. It is seen that 
A. canis has a cycle involving three essential hosts. 


Paratenic Hosts 

Mesocercariae were fed to goldfish, green frogs (Rana clamitans), garter 
snakes, ducks, chickens, deer mice, a chipmunk (Tamzas striatus), a ferret, and 
a raccoon to see if any of these animals would serve as auxiliary hosts. 

In view of the report of Leiper (57) that encysted larvae from naturally 
infected fish, Schilbe mystus, developed into A. alata when fed to wolves, 
mesocercariae of A. canis were fed to six goldfish to see whether this fish could 
act as an auxiliary host. Two goldfish were negative when examined two and 
three days after the feeding. In the goldfish examined one day after feeding, 
one live mesocercaria was found. A second fish, examined at two days, 
contained seven living and eight dead mesocercariae; whereas two fish 
examined at three days contained 12 and 15 dead mesocercariae, respectively. 
Mesocercariae recovered from these fish were found on the viscera in the body 
cavity in various stages of encapsulation. None was found within the viscera 
or musculature. One moribund mesocercaria was coated with a thin, 
apparently acellular layer. Dead mesocercariae were enclosed in a membrane, 
one to several cells thick, composed of polygonal cells, presumably phagocytes. 
In fresh preparations eosinophiles could be seen crawling slowly among the 
polygonal cells. No fibroblasts or fibers were seen. From these observations 
it may be seen that some mesocercariae of A. canis made their way into the 
body cavity of goldfish, where some survived for two days, but where all were 
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dead and encapsulated by three days. This suggests that the goldfish cannot 
serve as a paratenic host for the mesocercaria of A. canis. 

Three green frogs (Rana clamitans) about two weeks old were fed 
mesocercariae and examined four, six, and 12 weeks later, at which time 
mesocercariae showing no advance in development were found between the 
thigh muscles distally and between the episternum and the hyoid. The adult 
green frog, then, served as a paratenic host for the mesocercaria of A. canis, 
whereas, as was shown earlier, the tadpole of Rana clamitans was infected 
with difficulty by the cercaria. 

Nineteen garter snakes were fed mesocercariae and examined at intervals 
from one to 10 months after feeding. All of the garter snakes became infected, 
and the worms recovered from them were mesocercariae showing no advance 
in development. Most of the mesocercariae were found anterior to the heart, 
or in the tail. In the tail, mesocercariae were usually massed ventrally in the 
middle third between the skin and the musculature, and the mass was 
surrounded by loose, fibrous tissue. On the tongue-sheath, the mesocercariae 
occurred usually in encapsulated masses. Some mesocercariae were found 
free in the pericardial sac, scattered in the mesenteries, and among the muscles 
of the lower jaw. A few were found in large, clear, fluid-filled vesicles in the 
fat bodies. No thick-walled, layered, gelatinous cysts, like those found in 
birds and mammals infected with mesocercariae, were found in any of the 
garter snakes. These results show that the garter snake served as a paratenic 
host for the mesocercaria of A. canis. 

Three domestic ducks, one month old, were each fed approximately 1500 
mesocercariae in single feedings. The first duck was killed and examined 
seven days later. Twelve free mesocercariae were found in the washings of 
the body cavity, and four in the lung parenchyma. No mesocercariae were 
found in cysts. The second duck was killed and examined 14 days after the 
feeding. No mesocercariae were found in the lungs or free in the body 
cavity; one was found encapsulated in the fascia over the intercostal muscles. 
The third duck was killed and examined 26 days after the feeding. One free 
mesocercaria was found in the washings of the body cavity and one meso- 
cercaria was found encapsulated under the visceral pericardium over the 
ventricles. Mesocercariae recovered from the ducks had not advanced in 
development. 

Three domestic chickens were each fed approximately 4000 mesocercariae 
in single feedings. The first chicken was killed and examined 20 days later. 
Eight mesocercariae were encapsulated under the visceral pericardium of the 
left ventricle of the heart. No mesocercariae were found in the lungs, on the 
other viscera, in the mesenteries, in the body wall, or subcutaneously. The 
second chicken was killed and examined 42 days after the feeding. Meso- 
cercariae were found in small numbers encapsulated between the fibers of the 
pectoral muscle near the shoulder joint, in fat on the medial face of the 
thighs, in the fascia over the pectoral muscles, in the fat near the crop, under 
the visceral pericardium, and in the fat in the atrioventricular sulcus of the 
heart. The third chicken was killed and examined 119 days after the feeding. 
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One mesocercaria was encapsulated in fat at the base of the neck ventrally, 
and one was encapsulated on the underside of the skin over the crop. 
Mesocercariae recovered from chickens showed no advance in development. 

A raccoon was fed 1500 mesocercariae in a single feeding and examined one 
year later. No worms were found among the lungs, cervical glands, 
mesenteries, or viscera. 

A ferret was fed 6000 mesocercariae in two feedings and examined one 
month later. One encapsulated mesocercaria was found under the visceral 
pericardium of the left ventricle. No worms were found on the other viscera, 
or in the mesenteries, axillae, or subcutaneous tissues. 

An otter, Lutra canadensis (Schreber), was trapped at Costello Lake, 
Algonquin Park, Ontario, on Aug. 1, 1955, and examined the same day by 
Mr. Gordon Bennett. At autopsy, many hundreds of cysts were noted in the 
subcutaneous fat, especially over the groin, and in the mesenteric fat. Some 
of this fat was submitted to the writer through the kindess of Mr. Bennett. 
The cysts contained alariid mesocercariae, a sample of which was identified as 
the mesocercaria of A. canis. About 2000 of these were fed to a dog. The 
first trematode egg was found in the feces 31 days after exposure; the 
number of eggs increased over the next 14 days, at the end of which time the 
dog was examined. Nine mature, and four immature, adults of A. canis were 
found in the first part of the small intestine. 

A chipmunk caught in the field was fed about 1000 mesocercariae and 
examined one month later. No worms were found in the lungs, on the other 
viscera, or under the skin. 

Six house mice were fed mesocercariae and examined at intervals from two 
days to six months after exposure. In the mouse examined two days after 
exposure, one mesocercaria was found in the abdominal cavity, and 20 in the 
thoracic cavity. None was found in the lungs or other viscera, in the 
intercostal muscles, or under the skin. The rest of the mice were examined 
from one to six months after exposure; in them, encapsulated mesocercariae, 
showing no advance in development, were found in the stroma and adnexae 
of the scapular brown fat and the cervical glands, in the subcutaneous areolar 
connective tissue dorsally over the thorax, and in the fat over the sympathetic 
trunks in the thoracic cavity. 

Two deer mice were fed mesocercariae and examined one year later. One 
of the mice contained encapsulated mesocercariae in the scapular brown fat, 
and in the areolar connective tissue over the cervical glands. No worms were 


found in the other mouse. 


Comparison and Discussion 


First Intermediate Host 

The first intermediate hosts of A. arisaemoides are Planorbula armigera 
and Promenetus exacuous, whereas those of A. canis are Helisoma trivolvis, 
H. campanulatum, and H. duryi. Attempts at cross-infection were unsuccessful 
(Tables I and III). Snail hosts of other species of Alaria are shown in Table 
V. All of the snail hosts of species of Alaria belong to the family Planorbidae. 
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TABLE V 
FIRST INTERMEDIATE HOSTS OF Alaria SPECIES 


(E, experimental infection; N, natural infection) 


Species of Alaria Snail hosts and type of infection Author 

A. mustelae Planorbula armigera N Bosma (7) 

A. intermedia Planorbula armigera N Odlaug (70) 
Helisoma trivolvis E Odlaug (70) 

A. marcianae Helisoma trivolvis N Cort and Brooks (19) 
Helisoma campanulatum N Cort and Brooks (19) 

A. alata Planorbis marginatus E Ruszkowski (86) 
Planorbis septemgyratus E Ruszkowski (86) 
Planorbis vortex E Ruszkowski (86), Potekhina (81) 
Planorbis planorbis E Potekhina (81) 
Planorbis sp. N Potekhina (81) 

A. arisaemotdes Planorbula armigera E Present work 
Promenetus exacuous E Present work 

A. canis Helisoma trivolvis E Present work 
Helisoma campanulatum E Present work 
Helisoma duryi E Present work 


Second Intermediate Host 

A. arisaemoides and A. canis are alike in their second intermediate host 
specificity (Table VI). Neither species develops in larvae of the salamanders 
Ambystoma maculatum and A. jeffersonianum, nor in larvae of the newt 
Triturus viridescens. Cercariae of both species readily penetrate into tadpoles 
of Rana clamitans, but those of A. arisaemoides failed to develop and were 
destroyed within two days, and only a few of those of A. canis developed in- 
to mesocercariae. It is interesting in this regard to note that mesocercariae of 
A. mustelae were found in naturally infected adults of Rana clamitans, and 
obtained experimentally in tadpoles of Rana clamitans by Bosma (7) and that 
mesocercariae of A. marcianae were found by Cort (15) in tadpoles of Rana 
clamitans. Olivier (71) found that tadpoles of Rana clamitans were less 
suitable than those of Rana pipiens as hosts for the cecariae of Diplostomum 
micradenum. 


Definitive Host 

Mesocercariae of both A. arisaemoides and A. canis become sexually mature 
adults in the small intestine of the definitive host. It was suprising to find that 
both species reached maturity in the same time, as adults of A. arisaemoides 
are much larger (7 mm.) than adults of A. canis (3mm.). After being ingested, 
the mesocercariae migrate to the lung parenchyma where they metamorphose 
into diplostomula, which make their way to the small intestine and develop 
into adults. Similar development has been demonstrated by Cuckler (23, 25) 
for A. intermedia and A. marcianae. 
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TABLE VI, 
SECOND INTERMEDIATE HOSTS OF SPECIES OF Alaria 


(N, natural infection; E, experimental infection) 








Species of Alaria Amphibian host and type of infection Author 

A. mustelae Rana palustris frog N Bosma (7) 
Rana catesbiana frog N Bosma (7) 
Rana clamitans frog N Bosma (7) 
Rana clamitans tadpole E Bosma (7) 
Rana pipiens frog N Bosma (7) 
Rana pipiens tadpole E Bosma (7) 

A, intermedia Rana pipiens frog N Olivier and Odlaug (75), 

Odlaug (70) 

Rana pipiens tadpole E Odlaug (70) 

A, marcianae Rana sp. ? tadpole E Cort and Brooks (19) 
Rana pipiens frog N Cuckler (24) 
Rana pipiens tadpole N Cort (15) 
Rana sphenocephala frog N Cuckler (24) 
Rana clamitans tadpole N Cort (15) 

A, alata Rana esculenta N Gastaldi (32), Bugge (11), 

Potekhina (81) 

Rana fusca N Bugge (11) 
Rana temporaria frog N Potekhina (81) 
Rana temporaria tadpole E Potekhina (81) 
Pelobates fusca N Timofeev (95) 

A, arisaemoides Bufo americanus tadpole E Present work 
Rana sylvatica tadpole and E Present work 

frog (prob.) 

Rana pipiens frog and tadpole E Present work 

A, canis Bufo americanus tadpole E Present work 
Rana sylvatica tadpole E Present work 
Rana pipiens frog and tadpole E Present work 
Pseudacris nigrita tadpole E Present work 





Petrov and Dubnitski (77), Potekhina (81), and Stefanski and Tarezynski 
(90) have shown that mesocercariae of A. alata reach sexual maturity in the 
definitive host in about the same time (five weeks) as those of A. intermedia, 
A. marcianae, A. arisaemoides, and A. canis. This similarity suggests that 
there may be a lung migration of A. alata in the definitive host, although this 
has not been demonstrated. Earlier it was thought that Alaria had a four- 
host cycle (7, 70), but, as Potekhina (81) has pointed out, it had not been 
demonstrated experimentally that mesocercariae could not infect the definitive 
host and develop to maturity init. At present, a three-host life cycle has been 
demonstrated for five species of Alaria, namely A. intermedia, A. marcianae, 
A. alata, A. arisaemoides, and A. canis, and may be present in a sixth species, 
A. mustelae. The definitive hosts of these species are listed in Table VII. 
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TABLE VII 
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DEFINITIVE HOSTS OF Alaria SPECIES, FOR WHICH THE LIFE CYCLE IS KNOWN 


(E, experimental infection; N, natural infection) 





Species 


me 


A. mustelae 


» 
me 


. intermedia 


a 


A. marcianae 


A, alata 


A. canis 


A. arisaemoides 





Host and type of infection 


Mustela vison (mink) 


Mustela novaboracensis (weasel) 
Ondatra zibethica (muskrat) 


Canis familiaris (dog) 

Felis domestica (cat) 

Mustela putorius (ferret) 

Urocyon cineroargenteus (gray fox) 
Canis familiaris (dog) 

Felis domestica (cat) 

Mephitis nigra (skunk) 


Felis domestica (cat) 
Canis familiaris (dog) 


Cants familiaris (dog) 


Vulpes vulpes (European red fox) 


Alopex lagopus (arctic fox) 


For natural infections see Dubois (28) 


Canis familiaris (dog) 


Canis lupus (timber wolf) 
Canis latrans (brush wolf) 


Vulpes fulva (red fox) 

Vulpes fulva alascensts (Alaskan fox) 
Lynx canadensis (lynx) 

Lynx rufus (bobcat) 

Martes pennanti (fisher) 

Urocyon cinereoargenteus (gray fox) 


Vulpes fulva (red fox) 
Canis latrans (brush wolf) 


Canis familiaris (dog) 
Urocyon cinereoargenteus (gray fox) 





a 


ZZ 


N 
N 





Author 


Bosma (7), Law and 
Kennedy (55) 

Bosma (7) 

Bosma (7), Law and 
Kennedy (55) 

Bosma (7) 

Bosma (7) 

Bosma (7) 


Rankin (84) 
Odlaug (70) 
Odlaug (70) 
Rankin (84) 


Cuckler (23, 24, 25) 
Cuckler (23, 24, 25) 


Petrov and Dubnitski (77), 
Potekhina (81), 
Stefanski and 
Tarczynski (90) 

Petrov and Dubnitski (77), 
Potekhina (81), 

Petrov and Dubnitski (77), 
Potekhina (81) 


LaRue and Fallis (54) 
Present work 
Present work 
Present work 
Present work 
Present work 
Law and Kennedy (55), 
present work 
Dubois and Rausch (29) 
Present work 
(new host record) 
Present work 
(new host record) 
Present work 
(new host record) 
Erickson (31) 


Augustine and Uribe (1), 


Law and Kennedy (55);. - 


Rankin (84) 
Present work 
Present work 

(new host record) 
Price (82) 
Rankin (84) 
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Paratenic Hosts 

Potential intermediate hosts in which larval parasites can survive when 
ingested, but in which they do not undergo development, have been called 
“‘hétes d’attente’’ by Joyeux and Baer (1934), transport hosts by Wallace 
(102), and paratenic hosts by Baer (2). While such hosts are not essential for 
the development of the parasite, they may be necessary for the completion of 
the life cycle for ecological reasons. For example, the intermediate host in 
which a larval stage develops obligatorily may not be included in the diet of 
the definitive host whereas a paratenic host may be included. On the other 
hand, a paratenic host may be excluded from the diet of the definitive host in 
which case this host would be a cul-de-sac. In view of the latter possibility, 
the term “‘paratenic host’, which means to prolong or to draw out, is preferable 
to the term “‘transport’’, which connotes transfer from one host to another, 
through the interpolation of a third host. 

The auxiliary hosts of Alaria spp. are summarized in Table VIII. 


TABLE VIII 
AUXILIARY HOSTS OF Alaria SPECIES 


(E, experimental infection; N, natural infection; meso, mesocercaria; diplo, diplostomulum) 


Alaria species Stage Host species Author 
A. mustelae meso Snakes (species not given) Bosma (7) 
diplo Mus musculus (house mouse) Bosma (7) 
wed Rattus rattus (rat) Bosma (7) 
> Peromyscus leucopus (deer mouse) Bosma (7) 
s Mustela vison (mink) Bosma (7) 
- Procyon lotor (raccoon) Bosma (7) 


Cuckler (24) 
Odlaug (70, Cuckler (24) 
Odlaug (70) 
Cuckler (24) 


A. intermedia meso Thamnophis sirtalis (garter snake) 
diplo Mus musculus (house mouse) 
” Rattus rattus (rat) 
ad Felis domestica (kitten) 


A. marcianae meso Snakes (species not given) Cort (15) 
- Thamnophis marcianae LaRue (53) 
* Thamnophis eques LaRue (53) 
- Thamnophis sirtalis (garter snake) Cort (15) 


Cuckler (23, 24, 25) 


diplo Mus musculus (house mouse) 
“i Cuckler (23, 24, 25) 


Felis domestica (kitten) 


A. alata meso Tropidonotus natrix (grass snake) Timofeev (95), Brumpt (9) 
“Mustela putorius (polecat) von Linstow (60) Morozov (68) 
o Mustela erminea (stoat) Morozov (68) 
* Mustela lutreola (mink) Morozov (68) 
= Mustela lutreola (mink) Petrov and Dubnitski (77) 


Morozov (68) 

Morozov (68), Petrov and 
Dubnitski (77) 

Petrov and Dubnitski (77) 

See Cuckler (25), Stefanski and 
Tarczynski (90) 

See Cuckler (25), Stefanski and 
Tarczynski (90) 

Bugge (10) 

Staskiewicz (89) 

Staskiewicz (89) 


Present work 
Present work 
Present work 
Present work 
Present work 


Present work 
Present work 
Present work 
Present work 
Present work 
Present work 
Present work 
Present work 


= Mustela nivalis (weasel) 
* Martes martes (pine marten) 


= Martes zibellina (sable) 
. Sus scrofa (domestic pig) 


* Sus scrofa (wild boar) 


= Meles meles (badger) 
" Bos taurus (domestic cow) 
- Ursus arctos (bear) 


A .arisaemoides meso Rana clamitans (green frog) 
= Thamnophis sirtalis (garter snake) 
- Gallus gallus (chicken) 
. Mus musculus (house mouse) 
. Peromyscus maniculatus (deer mouse) 


A, canis meso Rana clamitans (green frog) 
" Thamnophis sirtalis (garter snake) 
“Anas boschas (duck) 
= Gallus gallus (chicken) 
* Mus musculus (house mouse) 
” Peromyscus maniculatus (deer mouse) 
. Mustela putorius (ferret) 
- Lutra canadensis (otter) 
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When mesocercariae of A. canis were fed to goldfish, Carassius auratus, 
some survived for two days but all were dead within three days, suggesting 
that fish are unsuitable (paratenic) hosts. On the other hand, Leiper (57), in 
Egypt, fed encysted trematode larvae from a fish, Schilbe mystus, to wolves 
and got A. alata. 

The green frog, Rana clamitans, is a paratenic host for the mesocercariae of 
both A. arisaemoides and A. canis. The tadpole of R. clamitans serves as a 
second intermediate host for the cercaria of A. canis, but appears to be less 
suitable than other species of tadpoles. 

Three observations on R. clamitans are of interest here. 

(t) When green frog tadpoles were exposed to hundreds of cercariae of 
A. canis, few, if any, mesocercariae developed subsequently. (i) When 
mesocercariae of A. canis were fed to green frogs, about one quarter of the 
mesocercariae were recovered subsequently. (77) Mesocercariae, identified 
as those of A. canis, were found, in the present study, in large numbers in 
naturally infected green frogs. In addition, it is known that the green frog 
will eat smaller frogs. It is suggested that green frogs may acquire the natural 
infections by eating frogs infected with mesocercariae rather than by the 
penetration of tadpoles by cercariae. 

The garter snake serves as a paratenic host for both A. arisaemoides and 
A. canis. Snakes have been found to be paratenic hosts in all Alaria life 
cycles known to date (Table VIII). There is some variation among the 
species of A/aria in respect of the position of the mesocercariae within snakes. 
LaRue (53) found the mesocercariae of A. marcianae in the fat bodies and tail 
muscles of Thamnophis marciana and T. eques. Cort (15) records it from the 
body cavity of Thamnophis sirtalis; however, as he also found them in the 
digestive tract, it would appear that the larvae were ingested recently and 
had not taken up their final position in the snake. This is supported by 
Cort’s finding that when naturally infected tadpoles were fed to the snakes, 
larvae were later found in the tissues as well as in the body cavity. The 
mesocercaria of A. intermedia was found by Cuckler (24) in the fat bodies 
and muscles of Thamnophis sirtalis. The mesocercariae of both A. canis and 
A. arisaemoides occurred primarily in one or more compact masses on the 
tongue-sheath, and free beneath the skin of the tail. They were also found 
free in the pericardial sac, and, less frequently, in fat bodies and scattered 
among the mesenteries. This distribution may in part be an unnatural one 
resulting from the introduction of free mesocercariae into the oesophagus. 

It has been shown above that mesocercariae of A. canis will infect domestic 
ducks and chickens, and that mesocercariae of A. arisaemoides will infect the 
domestic chicken. In both species, the mesocercariae become encapsulated 
in muscle, fat, and over the viscera, and do not advance in development. 
Cuckler (24) fed 1000 mesocercariae of A. intermedia to a pigeon. The bird 
was examined three months later by trichinoscope and by digestion of parts of 
intercostal, leg, and wing muscles, but no worms were recovered. The 
possibility that birds may be infected naturally is strengthened by the observa- 
tion of Chandler (22), who fed pieces of breast muscle of a grouse, Bonasa 
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.umbellus; with strigeid tetracotyles (Tetracotyle bonasae Chandler, 1954) in the 
covering fascia, to kittens, and found mature A. minnesotae in one of the kittens 
.13 days later. While Chandler could not rule out the possibility that the 
kittens acquired their infections with A. minnesotae from some other source, 
it seems likely that the worms developed from larvae in the grouse tissue fed. 
A. minnesotae is closely related to A. canis and A. marcianae; all are in the 
subgenus Alaria, as is A. arisaemoides. On the basis of the life cycles of the 
latter three, it seems likely that that of A. minnesotae would be similar in 
having a mesocercarial stage which becomes adult in the final host following a 
migration from gut to lungs and back to gut. However, the migration from 
gut to lung to gut takes about five weeks in A. canis, A. arisaemoides, and 
A. marcianae. Consequently, it would appear that if the kittens acquired 
their infections of A. minnesotae from larvae, other than Tetracotyle bonasae 
(as Chandler has pointed out) in the grouse tissue fed, then these larvae must 
have been in the metacercarial stage in order to be found as mature adults in 
the small intestine 13 days later. If this is so, then the mesocercaria of 
A. minnesotae, which becomes a metacercaria in a bird, is like that 
of A. marcianae, but differs from the mesocercariae of A. canis and 
A. arisaemoides, which do not develop further in auxiliary hosts. 


The ferret, Mustela putorius, served as an experimental host for the 
‘mesocercaria of A. canis, and the otter, Lutra canadensis, was found to be a 
natural paratenic host of this species. Various species of mustelids have been 
found with natural infections of mesocercariae, presumably all of A. alata, in 
Russia (Table VIII). Petrov and Dubnitski (77) fed mesocercariae from 
naturally infected frogs to four mink, Mustela lutreola, and recovered small 
numbers of the larvae from the viscera 52-63 days later. They found also 
small numbers of encapsulated mesocercariae in naturally infected sable, 
Martes zibellina, and pine marten, Martes martes, in the fat tissue of the 
abdominal and thoracic cavities, in the mesenteries, under the endocardium 
and the capsule of the kidney, and, less frequently, on the heart and aorta, 
‘and in lymphatic and thyroid glands. 

In the life cycles of A. arisaemoides and A. canis, the mouse is a paratenic 
host for the mesocercaria. This is contrary to the condition in A. mustelae, 
A. intermedia, and A. marcianae. Bosma (6, 7) found that mesocercariae of 
A. mustelae became diplostomula in nine weeks in laboratory rats and mice. 
The diplostomula occurred in cysts, apparently of host origin, between muscle 
fibers and in the lungs. Odlaug (70) found that mesocercariae of A. intermedia 
became diplostomula in 10 days in laboratory rats and mice, whereas Cuckler 
(24, 25) found that development took about 20 days in mice. The diplostomula 
were encapsulated in the intercostal muscles, diaphragm, and fatty tissue of 
the throat. Potekhina (81) fed ‘“‘metacercariae”’ from tadpoles to laboratory 
mice and found ‘‘metacercariae’’ in transparent cysts in the intercostal 
muscles 13-35 days later. Potekhina does not distinguish between ‘‘meta- 
cercariae”’ from tadpoles and ‘‘metacercariae’’ from mice, and so presumably 
they are the same. The ‘‘metacercariae” from frogs are figured and the figures 
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are those of a mesocercaria, and not a metacercaria. Potekhina refers to the 
name mesocercaria of Bosma (7), but does not employ it. A. alata, then, is 
like A. arisaemoides and A. canis in that the mesocercariae does not develop 
into the metacercaria in mice. These three species differ, in this respect, 
from A. mustelae, A. intermedia, and A. marcianae. 

It should be pointed out that the term paratenic host cannot be used for 
those animals in which the mesocercariae of A. mustelae, A. intermedia, and 
A. marcianae become diplostomula, because by definition a paratenic host is 
one in which a parasite survives in the same stage of development in which it 
was ingested. Thus, snakes are proper paratenic hosts for these three species 
but mammals are not. To the writer’s knowledge, there is no name to 
describe a non-essential host in which the parasite advances in development. 
Cuckler (25), who demonstrated that this host was not essential for the 
completion of the life cycle of A. intermedia, and A. marcianae, called this 
host “‘. . . the third intermediate, or auxilliary host, in which the metacercariae 
develop . . .”’ a term which is not concise. 

The possible courses of the natural life cycles of A. arisaemoides and A. canis, 
as suggested by the experimental work reported here, are presented 
schematically below. The shortest course for the life cycle is; snail — tadpole 
— canid. It would appear that frogs, rather than tadpoles, would more 
likely be ingested because of their greater availability to a terrestrial carnivore. 
The importance of frogs and tadpoles in the diet of foxes and wolves is not 
known. The ranch-raised foxes used in this study would not eat tadpoles. 
Dr. J. L. Price has told the writer of observing a wild fox catch and eat a frog. 

The alternative, and longer, courses of the life cycles involve the interpola- 
tion of one or more paratenic hosts. The one involving snakes is probably 
more important than those involving birds or mammals, since it was found 


FIRST INTERMEDIATE HOST 
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SECOND INTERMEDIATE HOST 
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experimentally that garter snakes were readily infected with mesocercariae, 
and snakes, such as garter and water snakes (Natrix sipedon), are known to 
feed to a large extent on tadpoles and frogs. Such snakes can act, then, in 
these life cycles as accumulator hosts (102) collecting large numbers of 
mesocarcariae by eating frogs and tadpoles. The importance of snakes in the 
diet of foxes and wolves is not known; however, the writer found a small 
garter snake in the stomach of a fox taken in Algonquin Park. 


The routes involving bird and mammal paratenic hosts are probably of 
minor importance, as suggested by the observation that such hosts are infected 
with difficulty. Nevertheless, such alternative routes would enhance the 
transmission of mesocercariae from the second intermediate host to the final 
host by decreasing the number of larvae lost through ingestion by a wrong 
host and by increasing the number of sources of infection for the final host. 


The difficulties inherent in a life cycle with an aquatic and a terrestrial phase 
have been obviated in Alaria spp. by the acquisition of a large variety of 
paratenic hosts. That this life cycle is successful is attested by the incidence 
of infection of A. arisaemoides and A. canis in foxes and wolves. Of 84 red 
foxes examined in the present study, 30 were infected with A. arisaemoides and 
59 with A. canis. Of 36 timber wolves, 10 were infected with A. canis. 


Egg of A. arisaemoides 


Thirty freshly passed eggs measured 133 (121-139) w by 87 (75-96) wu. 
They have an operculum about 25 yw in diameter at the narrower end. The 
egg is filled with large, polyhedral vitelline cells and contains an ovum which 
has two nuclei, presumably pronuclei, near the opercular end (Fig. 1). This 
is in contrast to the eggs of A. intermedia, which are in the two-celled stage 
when passed in the feces (70). 

Development proceeded rapidly at room temperature (21°-24° C.) and the 
first miracidia hatched out in about two weeks. Hatching continued for 
about two weeks. Eggs kept in the dark at room temperature developed as 
quickly as those kept in the light, but hatching was delayed; some eggs had 
not hatched in two months. Eggs kept in the dark at 5.5°-8° C. developed 
slowly. The first fully developed miracidia were seen within eggs after six 
weeks; a few had hatched out after three months, although most of the 
miracidia were fully developed and about half the eggs had hatched after six 
months. Some miracidia were still alive and not hatched after one year. 
Some of these year-old eggs were put with snails, Planorbula armigera, which 
began to shed cercariae 18 days later, demonstrating that the miracidia were 
still infective. 


When eggs containing fully developed miracidia were brought from the 
refrigerator to room temperature and placed in the light, miracidia hatched 
out in large numbers within an hour. Similar observations have been made 
for the eggs of Fibricola texensis (21) and for the eggs of Paramphistomum 
hiberniae (104). 
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Ruszkowski (86) found that the first miracidia of A. alata hatched out in 
27 days at room temperature (not given), whereas Potekhina (81) found that 
miracidia of the same species hatched out in 11 to 12 days at room temperature 
(apparently 22°-24° C.). 


Hatching of the Egg 

The fully developed miracidium was longer than the egg shell, and lay, 
usually, with the apical papilla near the operculum and the posterior third of 
the body curved in the opposite end of the egg (Fig. 2). Beneath the egg 
shell lay the vitelline membrane. It could be seen, during movements of the 
miracidium, that the vitelline membrane was not attached to the shell, but 
was held in position by the turgor of the fluid contents. Within the fluid, lay 
the miracidium and one to three large, clear masses which were apparently 
remnants of the vitelline cells. 

The miracidium exhibited several different movements prior to hatching. 
Occasionally it elongated so that the posterior end approached the operculum. 
At times the miracidium contracted strongly at the level of the interspaces 
between the second and third tiers and the third and fourth tiers of epidermal 
plates, forcing the apical papilla against the operculum (Fig. 3). After being 
forced against the pad of material on the vitelline membrane over the 
operculum for a few minutes, the apical papilla was withdrawn slightly and 
twitched from side to side in a brushing movement. The miracidium some- 
times turned completely about within the egg by a combination of ciliary 
movements and elongations and contractions. At times the miracidium 
exhibited the following behavior. As a miracidium lay quiescent within the 
egg, with its apical papilla near the operculum, the cilia bent forward slowly, 
starting at their bases, until all of the cilia pointed obliquely forward. Then 
the miracidium suddenly extended, its cilia lashed backwards in a wave which 
began at the anterior end, the eyespots and anterior granular body moved 
forward convulsively, and the apical papilla was thrust against the pad on the 
vitelline membrane over the operculum. During the forward thrust, the 
miracidium revolved about its longitudinal axis through about 90°. After the 
thrust, the apical papilla was brushed back and forth over the pad on the 
vitelline membrane. The cilia twitched for a few seconds and then became 
quiescent. In the next phase, the cilia bent forward again and the eyespots 
moved back. This phase lasted for 30-60 sec. The vitelline membrane 
remained intact despite the brushing and probing of the apical papilla, and, 
in fact, was not ruptured until the operculum opened at hatching. 

During the development of the miracidium, material collected on the inner 
surface of the vitelline membrane over the operculum in the form of a small 
pad or plug (PL) (Fig. 2). The probing and brushing movements of the apical 
papilla of the miracidium reduced this pad, or, displaced it laterally, exposing 
the vitelline membrane over the operculum. This pad of material may be 
comparable with the ‘‘mucoid plug”’ in the eggs of Cotylophoron cotylophorum 
(5) and of Fasciolopsis buski (4). It differs, however, in that it is smaller and 
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lies within the vitelline membrane. Miracidia were observed hatching out of 
only those eggs in which this pad had been either destroyed, or pushed away 
from the operculum. 

During the above movements, the flame cells flickered slowly and the cilia 
were less active than in a free-swimming miracidium. About 15 min. before 
hatching, the rate of flickering of the flame cells increased markedly and the 
cilia became more active, causing the vitelline remnant (VR) to spin. At 
the same time, the apical papilla was held against the operculum, the body 
elongated and contracted, and the cilia became more and more active. Then 
the body of the miracidium, which was hitherto longer than the egg, shortened 
in convulsive stages until it was about two-thirds the length of the egg, or less. 
The miracidium did not touch the egg shell at this time, but remained 
stationary with its cilia quivering (Fig. 4). Then the apical papilla was slowly 
retracted and the anterior half of the first tier of epidermal plates invaginated. 
Gradually the invagination widened posteriorly and the open mouth of the 
invagination closed (Fig. 5). The body then elongated slightly. The short 
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Fic. 1." Freshly passed egg (camera lucida). Fic. 2. Egg containing fully developed 
miracidium (freehand). Fic. 3. Miracidium constricted between tiers of epidermal 
plates. Fic. 4. Miracidium shortened, apical papilla retracted. Fic. 5. Miracidium with 
apical papilla invaginated. Fic. 6. Hatching of the egg. Partial expulsion of miracidium 
following sudden opening of operculum. Note separation of vitelline membrane from egg 
shell. Fic. 7. Extrusion of vitelline remnant, and further separation of vitelline membrane 
from egg shell. Fic. 8. Closing of operculum after partial expulsion of vitelline 
membrane. Vitelline remnant has disintegrated. PL, plug over operculum; VR, 
vitelline remnant. 

Norte: Unless stated otherwise figures relate to A. arisaemoides. 
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cilia within the invagination and the long cilia over the rest of the body were 
active throughout this phase, although they did not move the miracidium 
within the egg. The cilia on the edge of the invagination were frequently in 
contact with the vitelline membrane over the operculum. The process of 
invagination took about five minutes. Hatching occurred from a few seconds 
to several minutes after the mouth of the invagination had closed. In some 
cases, there was a space between the vitelline membrane and both ends of the 
shell just before hatching occurred; in others no spaces could be seen. In 
one case, the spaces slowly enlarged within a minute of hatching. 

Hatching took place in two steps. First, the operculum opened, the 
elongated miracidium was ejected half way through the opercular opening, 
and the vitelline membrane separated from the sides of the shell (Fig. 6). 
This took a fraction of a second, appearing to be almost instantaneous. The 
posterior end of the miracidium did not touch the posterior end of the egg 
either before or during this phase. In the second step, the miracidium swam 
the rest of the way through the opercular opening. As the miracidium 
emerged, the vitelline membrane collapsed completely, forcing the vitelline 
remnant out through the opercular opening (Fig. 7). Once extruded, the 
vitelline remnant began to swell, and finally disintegrated. Then, the 
vitelline membrane was largely extruded, and the operculum, if still attached, 
closed partly (Fig. 8). Most miracidia passed through the opercular opening 
without pause; a few were held temporarily at the posterior end by vitelline 
material about the opercular opening, and one escaped with difficulty when the 
operculum failed to open completely. 

In one case, a miracidium was observed to hatch with its anterior end 
invaginated until it was free of the egg; in another case, a miracidium hatched 
out and swam about one centimeter before the anterior end was extended. 
Three miracidia were observed hatching out backwards. The anterior end 
remained invaginated in all three until they were free of the egg. These 
observations suggest that physical activity of the miracidium immediately 
prior to hatching does not cause the opening of the operculum. The explosive 
opening of the operculum, accompanied by the partial ejection of the 
miracidium, suggests that turgor within the egg is responsible for hatching. 
Since hatching did not occur, despite vigorous activity by the miracidium, 
until the pad of material on the vitelline membrane over the operculum was 
destroyed or displaced, it would appear that this pad prevents hatching. 

The few observations by others on the hatching of strigeate eggs suggest 
that different mechanisms operate in different species. von Linstow (60), in 
describing the hatching of the egg of Strigea strigis (= Holostomum 
cornucopiae) said that, as soon as the operculum opened and the embryo was 
touched by water, the cilia began to lash. He did not say whether the 
miracidium pushed on the operculum prior to hatching. Mathias (65) said 
that the miracidium of Cotylurus cornutus (= Strigea tarda) forces the 
operculum open. The miracidium of Hysteromorpha triloba apparently forces 
the operculum open, for Hugghins said that “. . . it is apparently normal for 
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the terebratorium to be tightly appressed to the operculum when the 
miracidium is ready to hatch’’ (39). Park (76) said, concerning the hatching 
of the eggs of Neodiplostomum lucidum, ‘Shortly before hatching the cilia 
become very active and the miracidium swims about vigorously within 


the shell’. 


Miracidium of A. arisaemoides 


The swimming miracidium is elongate, fusiform, bluntly pointed in front 
of, and tapered behind, the eyespots. It measured about 200 uw long and 
28 uw wide when swimming. The body is flexible, almost doubling back on 
itself when a swimming miracidium reverses direction. 

The epidermal plates were counted and measured on 12 miracidia fixed in 
0.5% aqueous silver nitrate. Miracidia prepared in this way were consider- 
ably shorter than living, swimming miracidia; they were 115 (108-127) wu 
long and 24 (41-50) uw wide. The ciliated epidermal plates are arranged in 
four tiers, separated from each other by a narrow space (Fig. 9). The first 
tier consists of six triangular plates, of which two are dorsal, two ventral, and 
two lateral. They measured 24 (15-26) uw long and 16 (15-21) uw wide; the 
cilia are short over the anterior half of the plates of the first tier (2-3 w), and 
increase in length gradually over the posterior half to 12-13 uw (Fig. 13). 
When the apical papilla is retracted, the line of division between the two 
groups of cilia marks the edge of the infolded anterior end (Fig. 5). The 
second tier consists of nine rectangular plates, which are more widely separated 
than the plates of the first tier. There are four plates dorsal to the median 
coronal plane, which are symmetrical about the middorsal line, and five plates 
ventral to this plane, of which one plate is median (MVP) and four are ventro- 
lateral. The plates measured 33 (27-46) uw long and 12 (9-16) uw wide; the 
cilia were uniformly 9-10 uw long. The third tier consists of four wide, well- 
separated plates, of which two are dorsolateral and two are ventrolateral. 
They measured 36 (31-42) uw long and 24 (21-26) uw wide. The cilia are of 
uniform length (9-10 uw). The ventrcelateral plates are rectangular. The 
dorsolateral plates are cut away posteromedially to accommodate the 
triangular apex of the dorsal plate of the fourth tier. The fourth tier consists 
of three well-separated plates, a rhomboidal dorsal plate, and two triangular 
ventrolateral plates. They measured 25 (20-32) uw long and 22 (17-25) uw 
wide; the cilia increase in length from 9-10 uw in front to about 13 uw behind. 
The epidermal plate formula 6 : 9 : 4 : 3 was observed in eight out of the 12 
miracidia fixed in silver nitrate. Three miracidia had the formula 6 : 8: 4: 3. 
In one of the three, a vestigial ninth plate was seen in a wide space between 
two normal plates in the second tier. One miracidium had the formula 
6:10:4:2. The epidermal plate formula 6:9 :4:3 is also found in the 
miracidia of Fibricola lucida (76) and Fibricola texensis (21); the formula 
6 :8:4:3 is present in miracidia of Alaria intermedia (70), Hysteromorpha 
triloba (39), Diplostomum flexicaudum (98), Cotylurus cornutus (= Strigea 
tarda) (65), and Prosostephanus industrius (94); the formula 6 :6:6:3 is 
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found in Uvulifer ambloplitis (48). Nuclei were not seen in the epidermal 
plates of living or vitally stained miracidia. Nuclei in epidermal plates were 
not observed in most strigeate miracidia (98, 48, 70, 105) but were observed in 
that of Fibricola lucida (76), and, perhaps, in that of Hysteromorpha triloba 
(39). The apical papilla is a retractible structure which extends between the 
apices of the epidermal plates of the first tier; it is about 5.5 w long and 
8.0 uw wide. It lacks cilia, but bears numerous fine, short, immobile hairs 
(Fig. 13). No ducts or openings were seen in the apical papilla of living 
miracidia, both unstained ana stained with Nile blue sulphate, even under 
strong coverglass pressure. In material fixed in silver nitrate, several small 
circular structures were apparent (Fig. 10). The small dots within the faint 
circles may have been the short hairs of the apical papilla in face view. The 
larger circles had the appearance of pores. Hairs or bristles have been observed 
on the apical papillae of the miracidia of Strigea elongata, S. falconis, and 
Neodiplostomum cochleare (105) and Hysteromorpha triloba (39). 


MVP 





Fic. 9. Ventral view showing epidermal plates and excretory pores. Note mid-ventral 
fiom in second tier (camera lucida drawing of miracidium fixed in silver nitrate). Fic. 10. 

ead-on view of apical papilla (camera lucida drawing of miracidium fixed in silver 
nitrate). Fic. 11. Changes in shape and in the position of internal organs (freehand). 
Fic. 12. Outline drawing of miracidium showing shape while swimming, and, diagram- 
matically, alternate bands of cilia (freehand). E, eyespot; EP, excretory pore; MVP, 
mid-ventral plate of second tier. 
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There is a mid-lateral process (LP) on each side between the plates of the 
first and second tiers (Fig. 13). They are flexible structures about 5.5 yu long, 
which bend under the action of adjacent cilia, and consist of a cylindrical stalk 
with an inflated end. No internal connections, or prolongations, external 
openings, or extrusion of material were observed. Three pairs of symmetrically- 
placed, short (about 3 yw long) flexible, curved, hair-like structures arise in the 
interstices between the plates of the first and second tiers. On each side, one 
occurs opposite the mid-point of the base of the dorsolateral plate of the first 
tier, one lies immediately in front of the lateral process, and one lies opposite 
the mid-point of the base of the ventrolateral plate of the first tier (Figs. 
13, 14). In some miracidia fixed in silver nitrate, these structures appeared 
as small circles set in median indentations in the dorso- and ventro-lateral 
plates of the first tier. The lateral pair and the lateral processes were not 
distinguished in such material. Four circular structures lie between the dorso- 
lateral and lateral and the ventrolateral and lateral plates of the first tier 
(Fig. 10). These could not be distinguished in living miracidia. _ Lateral 
processes are considered to be sensory by Park (76) and Hugghins (39); 
Sewell (88) regarded them as dilatations on a system of peripheral canals in 
the miracidium of ‘‘Cercariae Indicae XV’’. Sewell apparently misinterpreted 
the epidermal plate interspaces as canals. A slender, hair-like process in front 
of each lateral process has been observed on other strigeate miracidia (98, 
48, 21, 39). 

The epidermal plates lie on the outside of the future cuticular outer layer of 
the mother sporocyst. Immediately beneath the cuticle lie transverse fibers 
(CMF) which are evenly spaced about 2 wu apart (Fig. 14). These are 
probably circular muscle fibers, although nuclei were not seen in them. Sub- 
epithelial cells fill the space between the body wall and the apical gland and 
form a single layer lateral to the posterior granular body. They are 
apparently absent about the germinal cells. 

There is a space between the body wall, described above, and the main 
internal mass, which moves back and fourth independently of the outside 
covering. Scattered, fine strands (SP) traverse this space from the body 
wall to the visceral elements. Pyriform cells are present at irregular intervals 
in this space; they are attached to the body wall by their narrow ends and are 
free to move back and forth during elongation and contraction of the 
miracidium. A distinct layer of more or less spherical subepithelial cells was 
described for the miracidium of Crassiphiala ambloplitis (48). Park (76) was 
unable to detect a definite subepithelial layer distinct from the underlying 
parenchyma in the miracidium of Neodiplostomum lucidum. 

Scattered, longitudinally-oriented, fusiform cells, with long extensions, occur 
beneath the body wall, apparently on the surface of the visceral mass (LMC) 
(Fig. 14); these cells could be seen when a miracidium began to flatten out 
under increasing coverglass pressure. Occasionally the cell bodies would shift 
back and forth slightly, independently of the body wall, suggesting that they 
are bipolar muscle cells. The ends of these cells were not seen. Two strands, 
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one on either side, run from the lateral margin of the apical papilla back to the 
anterolateral corner of the neural mass, beyond which point they could not be 
traced. These two strands resemble the fibers of the bipolar cells, and may be 
the retractors of the apical papilla. In addition, there must be longitudinal 
fibers attached to the various visceral elements to account for the changes 
in relative position of the eyespots, germinal cell mass, and posterior granular 
body (Fig. 11). 

A conspicuous pair of fused eyespots (E) is situated, dorsally, behind the 
level of the interspace between the first and second tiers of epidermal plates 
(Figs. 13, 14). Each eyespot is a cup (9 uw by 9 uw) opening anterolaterally 
and is composed of small pigment granules which singly are dark brown and 
translucent, but collectively are black and opaque. Each pigment cup contains 
two protruding lenses (Fig. 13). Eyespots are present in all the strigeate 
miracidia described except that of ‘‘Cercariae Indicae XV” (88). The eyespots 
in the miracidium of A. arisaemoides differ from the rest in being fused. 
Double lenses have been described for the eyespots of the miracidia of 
Cotylurus cornutus (= Strigea tarda) (65), Diplostomum flexicaudum (98), and 
Neodiplostomum lucidum (76). According to Hugghins (39) the eyespots of 
the miracidium of Hysteromorpha triloba typically have one lens apiece, but 
occasionally have two. 

A sac-like body (AG), apparently a single cell, with finely granular cytoplasm 
and four or five separate, spherical nuclei clustered near the posterior end, lies 
in front of the eyespots and stretches forward to the base of the apical papilla. 
It is attached anteriorly to the inner surface of the apical papilla, and 
posteriorly in the region ventral to the eyespots; it changes shape markedly, 
depending on the state of extension of the anterior part of the body and the 
relative position of the eyespots (Fig. 11). No opening of this structure 
through the apical papilla was observed. Under strong coverglass pressure, 
the contents ruptured through, or around, the apical papilla and did not 
appear to be extruded through definite ducts. This structure has been called a 
primitive gut (98, 65, 88), and an apical gland (76, 70, 21, 39). This structure 
was formerly considered to be a primitive gut, but is now considered to 
be glandular. 

At the posterior end of the miracidium there is a second body, here called 
the posterior granular body (PGB), with finely granular cytoplasm and five 
separate, spherical nuclei. It stains vitally with Nile blue sulphate and 
toluidine blue in the same way as does the apical gland and differs only in being 
more finely granular. It is attached posteriorly to the body wall, and 
anteriorly to the germinal cell mass, but is free along its sides. A similar 
structure has been observed in three other strigeate miracidia, namely 
Diplostomum flexicaudum (98), Neodiplostomum lucidum (76), and Hystero- 
morpha triloba (39), in which species it was considered to be a group of 
germinal cells. In the miracidium of A. arisaemoides, the nuclei are free within 
the posterior granular body, are smaller than germinal cell nuclei, and have a 
small nucleolus and many fine granules, whereas the germinal cell nuclei have 
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a very large nucleolus and no granules. Examination of early stages in the 
miracidium mother sporocyst transformation in A. arisaemoides has shown 
that the posterior granular body does not contribute germinal material to the 
mother sporocyst (vide infra). Cort, Ameel, and Van Der Woude (17) studied 
germinal development in the miracidium mother sporocyst generation of 
Diplostomum flexicaudum and found that only the central group of cells are 
germinal cells. 

Lying between the brain and the posterior granular body is a spherical group 
of 11 to 17 large germinal cells (GC), which measured about 11 yw in diameter 
and possess large nuclei and nucleoli. The cells form a compact, but deform- 
able mass which moves as a unit independently of adjacent cells. These were 
shown to be germinal cells by following the miracidium mother sporocyst 
transformation. 


Fic. 13. Semidiagrammatic drawing of miracidium in dorsal view (composite, free- 
hand; anterior loop of collecting tubule shown through neural mass; longitudinal and 
circular fibers, and dorsal row of nuclei not shown). AG, apical gland; AP, apical papilla; 
E, eyespot; EB, excretory bladder; GC, germinal cell; LMC, longitudinal muscle cell; 
LP, lateral papilla; NM, neural mass; PC, parenchymal cell; PGB, posterior granular 
body; SP, strand joining mass of germinal cells to body wall; UB, U-shaped body on 
posterior loop of collecting tubule. Fic. 14. Lateral view of miracidium (composite, 
freehand; cilia and excretory system not shown). CMF, circular muscle fiber; DN, 
nucleus of dorsal row; LMC, longitudinal muscle cell; M, non-nucleated internal matrix 
of neural mass. 
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Immediately behind the eyespots is a structure (NM) which consists of a 
cuboidal mass of cells surrounding, on all faces except the anterior, a non- 
nucleated mass. This structure has been called variously a brain, a neural 
mass, or a nerve ganglion. No nerves or connections could be seen running 
from this structure to the lateral processes. 


A discontinuous chain of nuclei, situated immediately below the outside 
covering in the dorsal mid-line, runs from in front of the eyespots back to 
the level of the anterior margin of the posterior granular body (Fig. 14). The 
cell bodies of these nuclei could not be made out. Similar rows of nuclei have 
apparently not been observed in other strigeate miracidia, although they 
occur in a number of schistosome miracidia (83, 99, 100, 101). 


The excretory system (Fig. 13) consists of two symmetrical, separate halves. 
The part on one side will be described. The oval excretory pore (EP) opens 
in the space between the posterolateral corners of the dorsolateral and 
ventrolateral plates of the third tier and the anterior margin of the ventro- 
lateral plate of the fourth tier (Fig. 9). Internal to the pore, there is a small 
dilatation (EB), on the medial face of which the excretory tubule arises, runs 
mediad and is thrown into one or more loops or undulations, frequently over- 
lapping the tubule from the other side. The excretory tubule then turns 
anterolaterally and runs forward beside the germinal cell mass. Just behind 
the level of the anterior margin of the plates of the third tier, it turns antero- 
mediad and runs a straight course ventral to the neural mass to a point behind 
the eyespots, then doubles back on itself for some distance before forming a 
few loose convolutions and finally proceeding laterad to divide into an anterior 
and a posterior tubule. The anterior tubule runs forward to a point beside 
the eyespots and then doubles back on itself before terminating in an anteriorly 
directed flame cell. The posterior tubule runs posteriorly, dorsal to the main 
excretory tubule and ends in an anteriorly directed flame cell behind the level 
of the excretory pore. The flame of the flame cells is about 7 wu long and 2.5 uw 
wide at the base. It is separated from the flame cell nucleus by a cup-shaped 
cell body. The main excretory tubule, from the dilatation to the anteriorly 
directed portion, runs within a U-shaped mass of small, clear droplets 
which arises against the lateral body wall about the excretory pore, runs 
dorsally and medially at the posterior end, and meets (overlaps) a similar 
body (UB) on the other side. Within this body, there is one nucleus near the 
dilatation of the excretory tubule which stains densely with intravital Nile 
blue sulphate, and two or three other nuclei in various positions, which stain 
less densely. 

The same pattern occurs in the excretory system of the miracidia of Crasst- 
philia ambloplitis (48,) Diplostomum flexicaudum (98), Fibricola texensis (21), 
and Hysteromorpha triloba (39). The pattern in the miracidia of Strigea 
elongata, S. falconis, Neodiplostomum cochleare (105), and Prosostephanus 
industrius (94), differs in having an anterior, but not a posterior loop in each 
collecting tubule; the miracidium of Cotylurus cornutus (= Strigea tarda) 
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(65) has a posterior, but no anterior.loop on the collecting tubule; and the 
miracidium of Neodiplostomum lucidum (76) has no loops on the collecting 
tubules. 











Swimming 

After hatching, miracidia swam about rapidly ‘and continuously, for the 
most part in straight lines, changing direction only when they met an obstacle. 
In a shallow dish, many miracidia were caught on the under side of the 
meniscus; these miracidia were never seen to free themselves, but remained 
attached, swimming slowly with the body well extended. Miracidia revolved 
slowly while swimming, executing a tight spiral path. In preparations of 
miracidia mounted in methyl cellulose, it could be seen that the cilia on the 
epidermal plates of the first tier beat faster than those on the posterior three 
tiers. The cilia on the epidermal plates of the posterior three tiers beat with 
the same rhythm, although not synchronously. Bands of cilia in the thrusting 
stroke alternated with bands in the return stroke. These bands were narrower 
than the epidermal plates, and appeared to run from the anterior margins of 
the plates of the second tier diagonally to the posterior margins of the plates of 
the fourth tier (Fig..12). The bands maintained their identity as they shifted 
clockwise around the miracidium, which in turn revolved counterclockwise. 
Porter (79) described a similar appearance in the swimming miracidium of 
Schistosoma haematobium. She said that ‘‘. . . the cilia move vigorously, the 
result being an appearance of general shimmering along slightly spirally 
twisted lines’. 

When miracidia first hatched out, they quickly congregated at the side of 
the dish nearest the light. When a number of miracidia were put in a Syracuse 
watch glass in a horizontal beam of light, it was seen that they gradually left 
the side nearest the light and spread out through the dish. They then began 
to swim back and forth across the dish at right angles to the beam of light. 
When the light source was moved through 90°, the paths of the swimming 
miracidia also shifted so that they swam at right angles to the beam. After 
hatching in aged tap water, miracidia were active for the first six hours or so, 
then gradually slowed down, settled to the bottom, became swollen, and died 
in less than 24 hr. 
































Mother Sporocyst 






Miracidium Mother Sporocyst Transformation in A. arisaemoides 

The miracidium mother sporocyst transformation was followed for the most 
part within young individuals of the snail, Planorbula armigera, to facilitate 
the recovery of the developing stages. It was found, after this had been 
carried out, that mother sporocysts developed slowly in small snails, and so 
the rate of development indicated below for the early development of the 
mother sporocyst is slower than that in snails which are half grown or larger. 
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16 Hours (Fig. 15) 

This stage was found in the mantle on the right side of the ureter. It 
measured about 100 uw in length, and when freed in saline, it was sluggish and 
changed shape slowly. The ciliated epidermal plates of the miracidium were 
lost. The apical papilla was not seen as a distinct structure, but may have 
been represented by the circular area outlined in the anterior end. The 
bristles found on the apical papilla of the miracidium were not seen. The 
eyespots (DE) had separated and moved back in the body, and the neural 
mass had disappeared. The large pair of lateral processes had lost their 
terminal enlargements and were seen as short tubes (RLP) projecting through 
the cuticle. The three pairs of smaller processes were absent. The apical 
gland was present and conspicuous, but was less densely granular. The 
posterior granular body could not be seen. The germinal cells were more 
loosely arranged, but had apparently not increased in number. A distinct 
layer of subcuticular cells (SC) was present. 


24 Hours (Fig. 16) 

This stage measured about 170 uw in length. It differed from the 16-hr. 
stage in that the apical gland (RAG) was reduced and had apparently lost its 
nuclei. The posterior granular body (PGB) was present and contained eight 
nuclei. The germinal cells numbered 18, showing no multiplication. The 
excretory system was the same as that of the miracidium. 


43 Hours (Fig. 17) 

The mother sporocyst had grown to about 280 uw in length. It was found 
in the perioesophageal blood sinus, the final site of the mature mother 
sporocyst. It contained a cavity (BC) which was filled by 10 oval germinal 
masses (10-13 uw X 5-9 uw) and surrounded by a layer of subcuticular cells. 
Each germinal mass (GM) was surrounded by a thin membrane (OM) and 
contained smaller groups of cells (ME), each group with a membrane, and a 
few large, free germinal cells (UE) (Fig. 18). No free germinal cells were 
found in the cavity outside the masses. The eyespot pigment (DE) was 
dispersed more than in the previous stage. A group of small, fusiform cells, 
with non-granular cytoplasm, occupied the site of the posterior granular body. 
The group was attached posteriorly but was free laterally, and was presumably 
derived from the posterior granular body. The excretory system had not 
changed except for a reduction in the coiling of the main collecting tubule 
posteriorly, which may have resulted from the increase in length of the body. 


Five Days 

The five-day mother sporocyst had not increased in size (280 u X 60 4). 
The internal cavity (BC) had increased in size anteriorly, and the eight 
germinal masses (GM) (33 wu X 29 wu) had become more complex. They had 
elongated, and the number of germ balls had increased. The miracidium, as 
stated earlier, contained 11-17 germinal cells, whereas early mother sporocysts 
contained 8-10 germinal masses and no free germinal cells. It would appear 
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Fic. 15. Morphology of 16-hr. mother sporocyst (camera lucida). Fic. 16. 
Morphology of 24-hr. mother sporocyst (camera lucida). Fic.17. Morphology of 43-hr. 
mother sporocyst (camera lucida). Fic. 18. Germinal mass of 43-hr. mother sporocyst 
(freehand). Fic. 19. Outline drawing of five-day mother sporocyst (camera lucida). 
BC, body cavity; DE, disintegrating eyespot; E, eyespot pigment; FC, flame cell; 
GM, germinal mass; ME, multicellular element; OM, outer membrane; PGB, posterior 
granular body; RAG, remnant of apical gland; RLP, remnant of lateral papilla; SC, 
subcuticular cell; UE, unicellular element. 
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that some of the germinal masses developed from more than one germinal 
cell. The number of flame cells had trebled. Adjacent to each of the four 
flame cells (LFC) carried over from the miracidium were two smaller flame cells. 
(SFC) whose connections could not be made out. The posterior part of the 
main collecting tubule had lost its convolutions. The body wall was composed 
of an outer layer of flattened cells beneath the cuticle, and:an inner layer of 
polyhedral cells next to the cavity. The posterior group of fusiform cells 
seen in the 43-hr. stage was not seen in this or in subsequent stages. 


Six Days 

This mother sporocyst measured 475 uw X 50m and was found in the 
perioesophageal blood sinus. The internal cavity had enlarged so that the nine 
germinal masses did not fill it. The number of flame cells had increased to 
four pairs anteriorly and three pairs posteriorly (Fig. 20). The added flame 
cells were smaller (4.5 uw) than those carried over from the miracidium (7.5 p) 
and gave rise to smaller tubules, some of which had convolutions and blind 
arms. In no case was a union clearly seen between the tubules of the small 
flame cells and those of the large flame cells. 


12 Days (Fig. 21) 

This mother sporocyst was 517 uw long and 100 uw wide. One of its eyespots 
was intact while the other had broken up into several small clumps of pigment 
granules. It contained seven germinal masses and four free daughter sporo- 
cyst embryos. The free embryos were spherical balls of large cells enclosed 
in a membrane (OM) (Fig. 22) and were like the end components of the 
germinal masses. The number of flame cells was the same as in the six-day 
mother sporocyst, but it could be seen that the anterior group of three new 
flame cells was joined to the anterior collecting tubule (Fig. 21). 

It may be noted here that an 11-day-old mother sporocyst from a larger 
snail was more advanced, and contained numerous, well-developed, active 
daughter sporocysts. The daughter sporocysts had a large internal cavity 
filled with germinal masses. There were no free germinal cells in the cavity. 
Daughter sporocysts contained up to 26 germinal masses, their full 
complement, while still within the mother sporocyst. 


18 Days (Fig. 23) 

This mother sporocyst measured 3.5 mm. in length and 60-100 yw in width. 
The remnants of the eyespots (EYP) were at either end of the mother sporo- 
cyst. The body wall consisted of a single layer of subcuticular cells. The 
mother sporocyst contained six germinal masses (GM) and 24 daughter 
sporocyst embryos (YDE) which ranged from the germ ball stage to fully 
developed, active daughter sporocysts (DS) with a central cavity containing 
up to seven germinal masses. Many small daughter sporocysts were found 
in the haemocoele over the digestive gland. 

By the time that daughter sporocysts were emerging from the mother 
sporocyst, the latter had reached its full size. 
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Discussion 

The observations on the germinal development in the mother sporocyst of 
A. arisaemoides agree with those of Cort and Olivier (20) and of Cort, Ameel, 
and Van Der Woude (17) on germinal development in mother sporocysts of 
other species of strigeids. Cort et al. found that there was some increase in 
the number of germinal cells prior to the formation of germinal masses in 
Diplostomum flexicaudum, thus the miracidium contained about eight germinal 
cells whereas older mother sporocysts contained 20 to 24 germinal masses. It 
would appear, by comparison, that incipient germinal masses are present in 
the miracidium of A. arisaemoides since the miracidium containing up to 17 
germinal cells developed into a mother sporocyst with about eight germinal 
masses. 

No evidence was found of multiple fission of mother sporocysts such as 
Mathias (65) described for Cotylurus cornutus (= Strigea tarda) or of daughter 
sporocysts as postulated by Wesenberg-Lund (103). 

The appearance of blind tubules which later developed terminal flame cells 
was noted by Hussey (49), in Diplostomum flexicaudum and in Cercaria 
poconensis. The observations of Hussey and those given above appear to 
agree, although they are fragmentary, with Bugge (1902; see Goodrich (34)) 
who stated that flame cells are derived in later stages from the walls of the 
protonephridial canals in trematodes and cestodes. This is contrary to the 
suggestion of Cort (15) that flame cells multiply by simple fission. This 
suggestion was based on the observation of a pair of flame cells of equal size 
joined to a single capillary in Agamodistomum marcianae, the mesocercarial 
stage of Alaria marcianae. No evidence was found of the multiplication of 
flame cells by simple fission in developing mesocercariae of A. arisaemoides 
and A. canis. 


Mother Sporocyst of A. arisaemoides (Fig. 23) 

The fully developed mother sporocyst is an elongate, hollow worm, with 
differentiated anterior and posterior ends. Of 14 mother sporocysts, 13 were 
in the perioesophageal blood sinus behind the brain and one was in the 
haemocoele at the apex of the visceral hump. They were active both in situ 
and in saline. 

The anterior end is typically attenuated and bluntly rounded at the tip. 
The posterior end is rounded. A birth pore was not found. Five mother 
sporocysts varied from 1.1 to 3.6 mm. (av. 2.6) in length and from 60-100 yu 
in width. The body is covered by a thin cuticle which bears neither spines 


Fic. 20. Excretory system of six-day mother sporocyst (freehand). Fic. 21. Excretory 
system of 12-day mother sporocyst (freehand). Fic. 22. Young daughter sporocyst 
(germ ball stage) from 12-day mother sporocyst (freehand). Fic. 23. Outline drawing of 
18-day mother sporocyst containing developing daughter sporocysts (freehand). Fic. 24. 
Outline drawing of young daughter sporocyst from the perihepatic haemocoele (freehant'). 
BC, body cavity; DS, daughter sporocyst; EYP, eyespot pigment; GM, germinal mass; 
MN, nucleus of membrane; OM, outer membrane; YDE, young daughter sporocyst 
embryo. 
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nor bristles. The parenchyma beneath the cuticle forms a single layer of large 
rhomboidal cells with conspicuous nuclei; this layer is separated from the 
internal cavity by a thin membrane. The anterior portion of the body is 
filled with fusiform parenchymatous cells. The contents of the cavity, the 
germinal masses and daughter sporocyst embryos, are not attached to the 
walls at any time during their development. 

The body wall of the mother sporocyst from an 18-day-old infection was 
transparent, but the body wall of three mother sporocysts from a seven-month, 
an 11-month, and a 13-month infection was opaque. The opacity resulted 
from large numbers of small, uniform, hyaline droplets which filled the 
cytoplasm of the parenchymal cells, in addition to scattered, irregular, 
golden-yellow granules of various sizes. These older mother sporocysts were 
white by reflected light. 

Living mother sporocysts were found within individuals of Planorbula 
armigera dissected seven, 11, and 13 months after infection and in one 
Promenetus exacuous dissected eight months after infection. Observations on 
these two species of snails in the field suggest that their life span is about one 
year. It would appear, then, that mother sporocysts may live for as long 
as the snail. 


Mother Sporocyst of A. canis 

The fully developed mother sporocyst is morphologically the same as that 
of A. arisaemoides. Seven mother sporocysts ranged in size from 4.1 to 9.0 
mm. in length (av. 6.5 mm.) and from 0.06 to 0.16 mm. in width, being larger 
than those of A. arisaemoides. Eight of 10 mother sporocysts dissected from 
their snail hosts were in the renal vein and two were in the collar vein dorsally. 
In the renal vein, they were either stretched out or looped back and forth in 
a dilatation of the renal vein near the junction of the kidney and the ureter. 
This dilatation was not seen in the renal veins of several uninfected snails. 
The site of the mother sporocysts of A. canis differs from that of mother 
sporocysts of A. arisaemoides, which were found for the most part in the 
perioesophageal blood sinus. 

Living mother sporocysts were found in individuals of Helisoma trivolvis 
two, six, seven, 10, and 14 weeks after infection and in two snails 14 months 
after infection. Observations on this species in the field suggest that its life 
span is slightly more than one year. It would appear, therefore, that mother 
sporocysts of A. canis may live as long as their snail host. 


Daughter Sporocyst 


Daughter Sporocyst of A. arisaemoides 

The smallest free daughter sporocysts (about 80 uw X 8 uw) were found in 
the haemocoele over the digestive gland. After emerging from the mother 
sporocyst, daughter sporocysts migrated, presumably through the peri- 
oesophageal blood sinus, to the haemocoele over the digestive gland. Daughter 
sporocysts contained only germinal masses while still within the mother 
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sporocyst, whereas a free daughter sporocyst about 120 uw in length contained 
11 germinal masses (39-46 uw X 21-22 uw) and 12 cercarial enbryos (24-66 u 
xX 18-20 uw). Young daughter sporocysts were active and the anterior end 
was extended (Fig. 24). Within one to two weeks, daughter sporocysts were 
fully developed and were releasing cercariae. 


The fully developed daughter sporocyst, like the mother sporocyst, is an 
elongate, hollow worm (Fig. 25). Eighteen fully developed daughter 
sporocysts from Planorbula armigera measured 1.4 (0.58-2.3) mm. by 0.110- 
0.170 mm., and 20 from Promenetus exacuous measured 1.1 (0.61—2.0) mm. 
by 0.084-0.136 mm. The anterior end is bluntly tapered when extended and 
the posterior end rounded. The body is enclosed in a thin cuticle. At the 
anterior end there is a terminally placed group of hairs which are about 11 yp 
long, and a few scattered hairs laterally. The hairs arise from small papillae. 
In one daughter sporocyst it could be seen that four fibers (nerve ?) ran from 
the parenchyma through pores in the cuticle to the bases of the papillae 
(Fig. 26). Beneath the cuticle lie circular (CMF) and longitudinal (LMF) 
fibers, presumably muscle fibers (Fig. 27). The longitudinal fibers have 
elongate, narrow cell bodies with parallel sides and slender processes. The 
cell bodies of the circular fibers were not seen. Below the layers of fibers lie 
rhomboidal parenchymal cells with large nuclei. The parenchymal cells 
separated from one another under coverglass pressure, remaining attached 
together by slender processes (Fig. 27). There is a single layer of parenchymal 
cells bounding the body cavity. The solid anterior end is filled with these 
cells. The extension of the main body cavity which runs through the 
parenchymatous substance of the anterior end to the subterminal birth pore 
is usually collapsed. The body cavity contains multicellular germinal masses 
(33 w X 18 w to 82 w X 23 w) and developing cercariae which move about 
freely during movements of the daughter sporocyst. These germinal masses 
were composed of unicellular (UE) and multicellular (ME) elements, as in the 
mother sporocyst. Typically,-there is a group of large, single germinal cells 
centrally and one or more multicellular elements at either end. The individual 
multicellular elements are enclosed in thin membranes (MGB) and the entire 
germinal mass is enclosed in a thin membrane (OM) (Fig. 28). The smallest 
cercarial embryos were identical with the largest multicellular elements of 
the germinal masses, and presumably, embryos were budded off from the 
germinal masses. As stated earlier, free cercarial embryos were found in 
young daughter sporocysts in an 11-day-old infection and, since cercariae 
emerged 18 to 25 days after exposure, it appears that cercarial embryos develop 
into cercariae in from one to two weeks. 

The parenchymal cells of daughter sporocysts did not contain hyaline 
droplets or golden-yellow granules up to the time of the first emergence of 
cercariae. Two months after the first emergence of cercariae, the larger 
daughter sporocysts had small groups of hyaline droplets and scattered, 
golden-yellow granules in the parenchymal cells. The hyaline droplets made 
the sporocysts somewhat opaque, and the pigment granules imparted a light 
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yellow tinge. Three and one-half months after the first emergence of 
cercariae, the fully developed daughter sporocysts were yellow by reflected 
light. The parenchymal cells were full of hyaline droplets and the number of 
golden-yellow pigment granules had increased. Young daughter sporocysts 
were transparent in ‘young infections, but opaque in six- and seven-month-old 
infections. The production of yellow pigment appeared to be related to the 
production of cercariae and not to the age of the sporocysts for daughter 
sporocysts in three and one-half-month-old infections in Planorbula armigera, 
which had been shedding cercariae for extended periods, were yellow, whereas 
daughter sporocysts from three- and four-month-old infections in Promenetus 
exacuous, which had shed cercariae for less than two weeks and then had ceased 
to shed for three months, were white. Daughter sporocysts occurred typically 
in the haemocoele over the digestive gland and ovetestis, and less frequently 
in the perirectal and perioesophageal blood sinuses. 


Daughter Sporocysts of A. canis 

Daughter sporocysts of A. canis were the same in morphology, size, and 
location in the host as those of A. arisaemoides. Twenty-three daughter 
sporocysts from Helisoma trivolvis measured 1.22 (0.59-1.80) mm. in length. 
As for A. arisaemoides, in young infections, both mother and daughter 
sporocysts were transparent, with few hyaline droplets in the parenchymal 
cells, whereas in old infections (ca. one year) mother and fully developed 
daughter sporocysts were yellowish and opaque, with the parenchymal cells 
full of hyaline droplets and with many golden-yellow granules, and the 
immature daughters had the parenchymal cells full of hyaline droplets while 
the daughter sporocysts were still within the mother sporocyst. 

In each of three snails, Helisoma trivolvis, a large cercaria-producing 
sporocyst was found with the mother sporocyst in the renal vein. They 
measured 3.2, 5.5, and 6.2 mm. in length, and were as large as mother sporo- 
cysts and much larger than daughter sporocysts from the haemocoele. All 
three of these giant sporocysts contained only developing cercariae; none 
contained daughter sporocysts. Two of these sporocysts were examined 
carefully for the presence of the anterior hairs characteristic of daughter 
sporocysts and lacking in mother sporocysts. These hairs were not found. 
A subterminal birth pore, such as characterized daughter sporocysts, was not 
observed. It is suggested that these three giant sporocysts may have been 
mother sporocysis which were producing cercariae rather than daughter 
sporocysts. In this regard an observation of Sewell (88) is of interest. He 
found a mother sporocyst of a cyathocotylid cercaria, ‘‘Cercariae Indicae XV”’, 
in which, in addition to daughter sporocysts, there were developing and fully 
developed miracidia, each apparently invested by a vitelline membrane. 

Daughter sporocysts appear to have only a few characters, such as length, 
number of germinal masses, and position of the birth pore, which may be of 
value in differentiating them, but as these features are not fully described for 
the daughter sporocysts of other species of Alaria a comparison cannot 
be made. 
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Fic. 25. Outline drawing of fully developed daughter sporocyst, containing germinal 
masses and developing cercariae (slightly flattened; camera lucida). Fic. 26. Anterior 
end of a daughter sporocyst showing terminal hairs (freehand drawing of a flattened 
specimen). 1G. 27. Morphology of the body wall of daughter sporocyst (freehand 
drawing of a flattened specimen). Fic. 28. Germinal mass of a fully developed daughter 
sporocyst, showing unicellular components (free germinal cells) and multicellular com- 
ponents (young cercarial embryos) (freehand). Fic. 29. Abnormal germinal mass from 
daughter sporocyst during a period of no cercarial emergence (freehand). BP, birth pore; 
CMF, circular muscle fiber; DC, developing cercaria; GM, germinal mass; . 
longitudinal muscle; ME, multicellular element; MGB, membrane about germ ball; 
MN, nucleus of membrane; NU, nucleus; NUC, nucleolus; OM, outer membrane; 
PC, parenchymal cell; UE, unicellular element (germinal cell). 
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Cercaria 
Cercaria of A. arisaemoides 

Unless otherwise stated the observations were made on living, unstained, 
freely emerged cercariae under coverslip pressure. The cercaria, in size and 
general proportions (Table IX), is a typical strigeid cercaria (Figs. 30, 33). 

The oral sucker possesses a muscular capsule composed of circular fibers 
over the posterior two thirds of its length. The oral opening is ventral and 
subterminal; it is surrounded by a spineless area, the circumoral area, behind 
which the body spines of the oral hood begin. There are four clavate cells 
(GLC), with granular cytoplasm and spherical nuclei, within the oral sucker 
(Fig. 31). They are glandular in appearance but ducts were not observed. 
They are apparently not escape glands since they are the same size in emerged 
cercariae as in cercariae within daughter sporocysts; they may be penetration 
glands. 

The muscular ventral sucker, or acetabulum, is sunk in a pit with a 
sphincter-controlled opening slightly more than half way back on the ventral 
surface. Prior to penetration, the ventral sucker is not prominent in lateral 
view. 

The two pairs of finely granular penetration glands lie anterior to the 
ventral sucker and ventral to the intestinal caeca. In fixed material, the 
anterior pair are tandem, typically with the right-hand cell body anterior to 
the left, and the posterior pair lie one on either side of the mid-line in front of 
the ventral sucker (Fig. 30). In living, contracted material, the anterior pair 
lie anterolaterally against the ventral sucker, with their medial sides over- 
lapping, and the posterior pair are lateral to the ventral sucker (Fig. 32). 
The two ducts on each side run together to the oral sucker, which they enter 
posterolaterally, and open at the side of the oral opening with the duct of the 
anterior gland dorsal. The openings of the penetration gland ducts are flush 
with the surface and are not capped by hollow spines or papillae. The contents 
of these gland cells consist of uniform, fine, hyaline granules. The cells stain 
with Nile blue sulphate, but not with neutral red. 

There is a well-marked prepharynx (3-6 uw), a large muscular pharynx 
(9.9 uw X 13 yw) in front of the commissure of the brain, and a long oesophagus 
which branches into two inflated, thin-walled caeca anterior to the anterior 
penetration gland cells. The intestinal caeca extend beyond the ventral 
sucker to a point midway between the ventral sucker and the posterior margin 
of the body. The caeca are slightly clavate and at times appear to be septate, 
each caecum being sharply constricted into three or four parts. The caeca 
have strong circular muscles, judging by their activity in living cercariae. 

The main mass of the nervous system is symmetrical, dorsal to the gut, and 
lies between the pharynx and the bifurcation of the gut (Fig. 30). There isa 
narrow median commissure, which gives rise anterolaterally to a stout anteriorly 
directed nerve and to a smaller anterolaterally directed nerve. A large nerve 
arises posteriorly from each lobe and runs back, ventral to the penetration 
glands, to the base of the tail stem. 
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Fic. 30. Ventral view of body of cercaria (composite drawing based on camera lucida 
outline together with details from living material). Fic. 31. Oral sucker of cercaria, 
showing arrangement of glandlike cells (freehand, flattened specimen). Fic. 32. Arrange- 
ment of the bodies of the penetration gland cells in a contracted cercaria (freehand). 
DPG, duct of penetration gland; GLC, gland (?) cell; GR, genital primordium; OO, oral 
opening; UES, unpigmented eyespot. 


A pair of clear, ellipsoid structures, called unpigmented eyespots (UES) by 
Cort (15) and others, lie dorsolaterally at the level of the bifurcation of the 
gut. They measure about 6 wu in length. 

The genital primordium is an oval mass of undifferentiated cells extending 
from between the ends of the caeca almost to the bladder. 

The cirumoral area of Cort (15) has no groups of forwardly directed spines. 
Behind this, and extending back for about one-half of the length of the oral 
sucker, are about 11 rows of heavy, retrorse spines arranged quincunxially 
(Fig. 33). This band of heavy spines has been called the oral hood (8). The 
spines are larger in front (2 «) and become gradually smaller (1 «) posteriorly. 
These large spines are rather clearly separated from the main body spines, 
which are small and are arranged, on the fore part of the body at least, in 
short, broken rows running across the body. The spines become slightly 
smaller, and somewhat less dense posteriorly, on both the dorsal and ventral 
surfaces. The spines are evenly distributed at any level except in the median 
region on the ventral surface before and behind the ventral sucker where there 
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is a small spineless area. On the body immediately behind the ventral sucker, 
there are two staggered rows of longer spines (4.5 uw long) running across the 
width of the ventral sucker. Behind this is an oval spineless area, a little 
smaller than the ventral sucker. The spines are sparser anteriorly than 
laterally at the level of the ventral sucker. The ventral sucker bears about 
50 inwardly directed spines in two or three staggered rows. The spines are 
thin and of varying lengths. In addition to the spines, a pair of short hairs 
borne on small papillae is found laterally, one on each side, in front of the 
posterolateral angle of the body (Fig. 30). A pair of short hairs similarly 
placed, has been illustrated by Olivier (72, 73) for five species of strigeid 
cercariae. The fact that these hairs have been found on distantly related 
furcocercariae suggests that they may be a common feature previously 
overlooked. 

The excretory bladder consists of two arms, with dilatations at their 
posterior ends, which open into a small median chamber. There is a sphincter 
between each dilatation and the median chamber. The median chamber 
opens posteriorly through a pore controlled by a sphincter into a large circular 
chamber, the excretory atrium of Kuntz (52), which lies between the concave 
posterior end of the body and the concave base of the tail. Lateral openings 
(tertiary pores) in the wall of the excretory atrium were not observed. Such 
pores were described for the cercariae of Schistosoma japonicum, S. mansoni, 
and S. haematobium (52). Anterolaterally, the enlarged portion of the bladder 
arm narrows abruptly and runs forward to a point behind the ventral sucker 
and lateral to the posterior end of the caecum (Fig. 30). Here, it gives off 
anteriorly a blind tubule which runs forward on the medial side of, and close 
to, the anterior collecting tubule, and ends blindly behind the level of the 
anterior margin of the ventral sucker. After giving off this blind tubule, the 
bladder arm curves laterally and posteriorly and is then thrown into two or 
three loose convolutions, which disappear in part during extension of the 
cercarial body. Within the convoluted portion, there are three tufts of cilia 
which are more slender than the tufts in the flame cells. The tufts (Fig. 34) 
arise from slight inward projections of the wall of the bladder arm, and are 
easily seen in cercariae stained vitally with Nile blue sulphate. No nuclei 
were seen associated with these tufts. 

Following the convolutions, the bladder arm turns forward and then 
medially and divides into the anterior and posterior collecting tubules, which 
are dorsal to the convolutions. The anterior collecting tubule runs forward, 
dorsal to the penetration glands, and gives rise to two primary branches, and 
the posterior collecting tubule runs back dorsal and lateral to the descending 
limb of the bladder, gives rise to two primary branches, and then runs back 
dorsal to the dilatation of the bladder arm and enters the tail stem lateral to 
the caudal excretory tubule (Fig. 30). In the tail stem, the posterior collecting 
tubule runs back for a short distance beside the caudal excretory tubule and 
then bends lateral and divides into the capillaries of two flame cells. Each of 
the five primary branches of the collecting tubules in the body gives rise to a. 
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pair of capillaries which end in flame cells. All of the primary branches, 
except the first, which is terminal, arise laterally from the collecting tubules 
and in each pair of capillary tubules one passes dorsal and one ventral to the 
collecting tubule to flame cells which are median to the collecting tubule 
and to the descending bladder arm posteriorly. The flame cell formula 
is2(2+2+2) + (2 +2 + (2)) = 24. The two pairs of caudal flame 
cells were usually asymmetric, the pair on the right side being posterior to the 
pair on the left. In addition, variations in. the number of caudal flame cells 
were found. A nucleus was seen attached to each flame cell in the tail stem 
and body, and in the caudal groups a similar nucleus was invariably found on 
one or other of the capillaries of the flame cells, or on the posterior collecting 
tubule near the origin of the capillaries (Fig. 35). The caudal flame cells 
lie within the fluid-filled cavity of the tail stem and are supported by several 
strands which run from the nucleus and cell body of the flame cell to the 
body wall. 


The caudal excretory tubule (CET) arises from the excretory atrium and is 
at first central in the tail stem; shortly it bends ventrad and runs along near 
the ventral wall for the first third of the tail stem, then bends dorsad and 
continues back centrally to the extreme end of the tail stem. Along the 
caudal excretory tubule are groups of four to six nuclei which have the same 
appearance, in both stained and living cercariae, as flame cell nuclei. At the 
extreme posterior end, the caudal excretory tubule divides into two tubules 
(FE) which run out into the furcae. These tubules open on the dorsal edge 
of the furcal rami, about half way to the tip, and are dilated immediately 
before the pore (EP) (Fig. 37). 


Six pairs of large stellate cells (CSC), with homogeneous cytoplasm, the 
caudal bodies of authors, lie along the course of the caudal excretory tubule 
(Fig. 42). The body of each cell lies against the caudal excretory tubule and 
is attached to the wall of the tail stem by slender processes (Fig. 39). Similar 
cells in the tail stems of other strigeid cercariae have been called caudal glands 
by Miller (66) and caudal bodies by Olivier (73). They have been figured by 
various authors as occurring in two forms, one with, and one without processes 
extending to the tail stem. It would appear that they are the supporting cells 
of the caudal excretory tubule which runs at least part of its course centrally 
in the fluid-filled tail stem. If this is so, one would expect them to be a 
general feature of all strigeid cercariae; however, a number of cercariae have 
been described as lacking caudal bodies. If the caudal bodies are supporting 
cells, their apparent absence may have resulted from their being inconspicuous 
and hence overlooked. The longitudinal muscle fibers (LMC) of the tail stem 
are arranged in four groups, two dorsolateral and two ventrolateral (Fig. 36). 
The cells are bipolar, with the subclavate cell body bulging out laterally or 
internally. The elongate, contractile part of each bipolar cell is cross-striated 
distally and is granular near the cell body. The cross striations, shown in 

















340 CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 





Fig. 40, have the same form as in mammalian voluntary muscle fibers, with 
areas comparable with the Z-line, J-disk, and Q-disk of the latter. The 
presence of such muscle cells in the cercarial tail is not surprising when it is 
recalled that during swimming the tail stem vibrates at high speed. There 
are about 20 bipolar cells, with the cell bodies evenly spaced, in each of the 
four muscle bands; 10 cell bodies are lateral and 10 are internal to each band 
(Fig. 39). Olivier (71) has described a similar arrangement of longitudinal 
muscle fibers in four groups for the cercaria of Apharyngostrigea pipientis. 
According to Tang (94), the tail stem of the cercaria of Prosostephanus 
industrius contains numerous small bipolar muscle cells, which differ from 
those of A. arisaemoides in size, number, shape, and orientation. 

The cuticle of the tail stem is thick and is thrown into about 60 low, rounded, 
transverse ridges which give the tail stem a finely segmented appearance. 
Internally, narrow circular fibers (CMF), probably circular muscle fibers, run 
below the transverse grooves. An irregular row of nuclei, which may belong 
to the circular fibers, lies in the median field between the bands of longitudinal 
muscle fibers. Olivier (71) has described similar muscle fibers in the tail stem 
of the cercaria of Apharyngostrigea pipientis, which differ from those in the 
cercaria of A. arisaemoides in that they interlace dorsally and ventrally. 


A layer of subcuticular cells was not observed. Externally long hair-like 
projections, the flagellets of Brooks (8), are found arising from small papillae 
scattered over the tail stem. They are longer than the tail stem is wide 
(Fig. 33). These projections appear to be structurally similar to the pair of 
hairs on the body. As cercariae die under extreme coverglass pressure, the 
hairs on the body and tail stem disappear in the following curious manner. 
The tip of the hair appears to liquefy, forming a small droplet which increases 
in size as the hair liquefies from tip to base. Within a few seconds, all that 
remains at the site of the hair isa clear droplet. In cercariae fixed in formalin, 





Fic. 33. Ventral view of cercaria showing arrangement of hairs and spines (camera 
lucida outline). Fic. 34. Tuft of cilia (flame) in bladder arm convolution of cercaria 
(freehand). Fic. 35. One of the two pairs of caudal flame cells of cercaria showing 
nucleus on capillary and strands joining body of flame cell to wall of tail stem (freehand). 
Fic. 36. Dorsal (or ventral) view of tail showing arrangement of longitudinal muscle 
bands (freehand). Fic. 37. Medial view of furca of cercaria of A. arisaemoides showing 
marginal excretory pore, terminal, single dilatation of furcal excretory tubule, and dorso- 
ventral muscle fibers (freehand). Fic. 38. Medial view of furca of cercaria of A. cants 
showing submarginal excretory pore and double dilatation of terminal part of furcal 
excretory tubule (freehand). Fic. 39. Morphology of the tail stem (semidiagrammatic) 
showing muscles peripherally (from AA to BB), and caudal excretory tubule centrally 
(from BB to CC) (freehand). Fic. 40. Part of bipolar longitudinal muscle cell from the 
tail stem, showing cross striations in its processes (freehand). Fic. 41. Outline drawing of 
cercaria showing shape while swimming. Dotted outline shows shape at maximum 
bending. Intersections of solid and dotted outlines are nodal points during vibratory 
swimming (freehand). Fic. 42. Outline drawing of cercaria at rest, showing arrangement 
of caudal supporting cells in the tail stem (freehand). Fic. 43. Outline drawing of 
cercaria attached to the skin of a tadpole prior to penetration (freehand). CET, caudal 
excretory tubule; CMF, circular muscle fiber; CTS, cavity of tail stem; CSC, caudal 
supporting cell; DVMC, dorsoventral muscle fiber; EP, excretory pore; ESP, edge of 
sucker pit; FE, furcal excretory tubule; FFC, free-floating cell; LMC, longitudinal 
muscle cell; NCF, nucleus of circular fiber; WTS, wall of tail stem. 
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the hairs are contorted. These observations suggest that the hairs are not 
cuticular, but may be protoplasmic extensions of cells in the tail stem. 

The tail stem bears four bands of small spines, each band consisting of three 
or four rows of spines (Fig. 33). There is a pair of bands on each of the dorsal 
and ventral surfaces, placed one on either side of the mid-line over the muscle 
bands. The bands of spines continue along the edges of the furcae almost to 
the tips. The lateral and medial surfaces of the furcae are not spined. 

The furcae are long, laterally compressed, and taper to a small rounded tip. 
Centrally, each contains a cavity continuous with that of the tail stem. 
There are no cells in the furcae comparable with the caudal supporting cells 
of the tail stem. The bands of longitudinal muscle cells in the tail stem 
continue into the furcae where they run along the medial surface. A group 
of longitudinal muscle fibers arises from the wall of the tail stem laterally on 
each side and runs along the lateral surface of each furca (Fig. 36). There 
are a few bipolar muscle cells with large subclavate cell bodies near the base 
of each furca; the rest of the fibers in the furcae have a small cell body. 
Widely separated, dorsoventral bipolar fibers (DVMC) lie internal to both 
lateral and medial surfaces of the furcae (Fig. 37). According to Olivier (71) 
the longitudinal muscle cells in the tail stem of the cercaria A pharyngostrigea 
pipientis are inserted on both the lateral and medial surfaces of the furcae. 
Tang (94) states that there are no muscle cells in the furcae of the cercaria of 
Prosostephanus industrius. 


Cercaria of A. canis 

The cercaria of A. canis resembles that of A. arisaemoides except in the 
following features: (7) The ventral sucker bears three or four staggered 
rows of small spines about 1 yw long whereas the ventral sucker of the cercaria 
of A. arisaemoides bears two or three staggered rows of large spines 3—4 u long. 
(tt) The furcae are longer than those of the cercaria of A. arisaemoides, but 
otherwise the measurements are similar (Table IX). (diz) The furcal excretory 
tubule opens on the medial surface of the furca near the dorsal edge (Fig. 38). 
whereas in the cercaria of A. arisaemoides it opens on the doral edge (Fig. 37). 
(tv) There is a double dilatation on the furcal excretory tubule of the cercaria 
of A. canis and a single dilatation on that of the cercaria of A. arisaemoides. 


Comparison 

Cercariae of four other species of the genus Alaria have been described, 
namely A. mustelae by Bosma (7), A. intermedia by Odlaug (70), A. marcianae 
by Cort and Brooks (19), and A. alata by Ruszkowski (86) and by Potekhina 
(81). The descriptions of the cercaria of A. alata are too inadequate to include 
in a comparison. The cercariae of A. arisaemoides and A. canis differ from 
those of A. mustelae, A. intermedia, and A. marcianae, in having (i) the 
penetration glands in front of the oral sucker with the two -anterior cells 
tandem, (77) uniform body spination dorsally, and a pre- and a postacetabular 
spineless area ventrally, (77) spines on the tail stem. The cercariae of 
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A. arisaemoides, and A. canis are longer than those of the other species with 
the exception of those of A. alata (Table IX). In general proportions, they 
resemble the cercaria of A. marcianae most closely. The various cercariae 
were fixed by different methods except that of A. alata, which probably was 
measured alive under coverslip pressure. 

The cercariae of A. marcianae, A. intermedia, A. mustelae, A. arisaemoides, 
and A. canis form a relatively homogeneous group, characterized by having 
unpigmented eyespots, no forward-pointing spines preorally, two pairs of 
penetration glands in front, or at the sides, of the ventral sucker, two pairs of 
caudal flame cells, and a fundamental flame cell pattern of 2 [(1 + 1 + 1) 
+ (1 + 1+ (2) )], with no commissures between the arms of the bladder. 
This combination of characters serves to separate them from other 
pharyngeate, distomate, longifurcous cercariae. 


Related Species 

Lutz (63) described a cercaria from a Brazilian planorbid, designating it 
Dicranocercaria gyrinipeta. It has two pairs of penet-ation glands before the 
ventral sucker and penetrates tadpoles where it develops into a mesocercaria of 
the type known in Alaria. This cercaria is probably that of a species of Alaria, 
but the figures and description of the cercaria and the mesocercaria are too 
brief for comparison with known species. Lutz does not suggest that it is 
related to the Alaria sp. which he recovered from animals which had been fed 
a naturally occurring mesocercaria (62). 

Brooks (8) described briefly two cercariae which may belong to this group: 
Cercaria mu from Helisoma trivolvis, and Cercaria theta from Lymnaea palustris 
(= Stagnicola exilis). However, as the excretory systems are not described 
fully, these cercaria cannot be placed accurately. 


Route of Emergence of Cercariae From the Snail Host 

Before describing the route of emergence, a brief description of the blood 
vascular system in Planorbula armigera and Helisoma trivolvis will be given, 
since this system is poorly known in planorbid snails. This account is based 
on examination of living snails, supplemented by the descriptions of Duke 
(30), Carriker (13), and Baker (3). 

The large spaces within the body are haemocoelic. These spaces are 
particularly evident in Planorbula armigera and Helisoma trivolvis which 
possess red blood, as do all members of the family Planorbidae. The heart 
consists of an auricle and a ventricle and lies within the pericardium on the 
right side between the stomach and the end of the pulmonary sac. The heart 
receives oxygenated blood through the mantle and renal veins from the mantle 
and pumps it into the aorta. The aorta divides into two main branches, one 
to the foot and one to the visceral mass. The branch to the visceral mass 
opens into a large haemocoelic space lying between the tunica propria and the 
stomach, intestine, digestive gland, and ovotestis. This space drains through 
the perirectal sinus to the pseudobranch, or false gill, a highly vascular 
structure which projects as a triangular fold from the edge of the mantle on 
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the left side below the pneumostome, and to vessels (veins) which run around 
the collar. Blood from the pseudobranch and collar runs through the veins 
of the mantle over the pulmonary sac and is collected in the pulmonary vein, 
which runs along the right side of the ureter and kidney to the heart. Blood 
from the head and foot returns to the visceral haemocoele by way of the large 
perioesophageal sinus. 


Cercaria of A. arisaemoides 

The daughter sporocysts of A. arisaemoides as stated earlier, usually 
occurred among the acini of the digestive gland and over the ovotestis. Their 
posterior ends were frequently tangled in the loose connective tissue over and 
between the acini, but their anterior portions lay free within the haemocoele. 
Cercariae emerged actively, head first, through the subterminal birth pore of 
the daughter sporocysts into the haemocoele. They swam head first, with 
the furcae almost closed, through the haemocoele along the inner curvature 
of the whorls of the visceral mass to the perirectal sinus, which they traversed 
by a combination of short bursts of swimming and worm-like crawling. Upon 
reaching the pseudobranch, they crawled head first, occasionally vibrating 
their tail stems, along the marginal and submarginal blood vessels to the tip 
of the pseudobranch. Near the tip of the pseudobranch, cercariae turned 
toward the free edge in what appeared to be a dilatation in the wall of the 
blood vessel at the base of a small, conical papilla on the edge of the pseudo- 
branch near its tip. Cercariae emerged one at a time, head first, through the 
opening (escape pore) at the end of this papilla. A papilla was observed on 
the pseudobranch of 6 of 11 infected Planorbula armigera and on none of 20 
parasite-free individuals; it is considered to be a deformity of the integument 
caused by the activities of escaping cercariae. When a cercaria, crawling in 
the marginal blood vessel and probing with its anterior end, found the opening 
to the exterior, it wormed its way through the opening by active elongation 
and contraction of the body. When the body emerged, it was at first con- 
tracted and flexed ventrally; it then extended and remained motionless as the 
tail stem and the bases of the furcae emerged, as if being forced out. It would 
appear that internal pressure was responsible for this phase of escape. The 
smooth extrusion of the tail usually stopped before the tips of the furcae 
were freed by a few vigorous vibrations of the tail stem. The cercaria then 
floated for a few seconds before swimming away tail first. The whole process 
of escape from the first appearance of the oral sucker above the epidermis of 
the pseudobranch to the freeing of the furcae took about 18 sec. (average of 
eight observations). 

Occasionally, cercariae crawled past the dilatation in the wall of the marginal 
vessel of the pseudobranch, and were arrested by the narrowing of the vessel. 
None was observed to escape through the intact tissue, but all turned and 
crawled back to the dilatation and emerged through the single, fixed escape 
pore. Cercariae were occasionally seen in the peripheral vessel of the collar, 
but on only one occasion was a cercaria seen emerging from the collar. 
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Cercaria of A. canis 

The emergence of the cercariae of A. canis resembles that of cercariae of 
A. arisaemoides except in one feature. Cercariae of A. canis emerged from 
several fixed points in the integument of the snail, Helisoma trivolvis. Most 
of these fixed points were on the edge of the pseudobranch, or on the edge of 
the rectal ridge adjacent to the pseudobranch; a few were on the mantle and 
the columella. Cercariae emerged in bursts, with as many as a dozen emerging 
at one time. Masses of cercariae would collect in the large vessels in the base 
of the extended pseudobranch, causing dilatation of the vessels. ‘These masses 
soon dispersed as cercariae crawled into peripheral vessels and emerged. This 
was repeated, with new masses collecting in the larger vessels. 

The emergence of many cercariae at one time from Helisoma trivolvis may 
be related to the size of this snail (Fig. 75), which is several times larger than 
Planorbula armigera (Fig. 73) the host of A. arisaemoides, and has more blood 
vessels in its pseudobranch large enough for cercariae to crawl through. In 
addition, the daily production of cercariae of A. canis in Helisoma trivolvis is 
higher than that of cercariae of A. arisaemoides in Planorbula armigera. 


Discussion 

The fixed points of emergence, or escape pores, are presumably formed by 
the first cercariae to emerge, probably by secretions from the penetration 
glands. Escape glands were not seen in cercariae removed from daughter 


sporocysts. It would appear that once escape pores are formed all, or almost 
all, of the cercariae of both species emerge through these pores rather than 
through the intact tissues. Following the emergence of a cercaria, probably 
accompanied by the loss of some blood, an escape pore would be closed by 
contraction of the integument, for according to Boetteger (1944, from Duke 
(30) ), snail blood has no clotting power and surface wounds are closed by 
contraction of the adjacent integument. Frequent passage of cercariae 
probably prevents healing of the wound. 

The occurrence of fixed points of emergence has been observed by the 
writer (unpublished) in the snail Gyraulus parvus, infected with the cercaria 
of Strigea elegans, and in the snail Lymnaea stagnalis, infected with a cercaria 
of the Ocellata Group, sensu stricto, of avian schistosome cercariae (probably 
Cercaria pseudocellata Szidat and Wigand, 1934). These two cercariae emerged 
head first, the body actively worming its way out and the tail being extruded 
passively to the tips of the furcae, which were freed by a few vigorous lashing 
movements. 

The route of emergence of cercariae from their snail hosts has apparently 
attracted little attention, judging by the paucity of accounts in the literature. 
Wesenberg-Lund (103) observed that the cercariae of Furcocercaria longiremis 
emerge head first from the tips of the fill filaments in Valvata piscinalis. 
Duke (30), in a careful study on the emergence of the cercaria of Schistoma 
mansoni from Australorbis glabratus, states that ‘“‘Cercariae on leaving the 
sporocyst in the peri-hepatic (blood) space are seen to travel down in the 
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haemocoelic spaces and veins of the snail, the majority arriving via the 
peri-rectal spaces at the pseudobranch and collar where they penetrate the 
integument and emerge to the exterior’. Observations on cefcariae of 
A. arisaemoides and A. canis agree with those of Duke that cercariae reach the 
sites of escape by way of blood spaces and vessels, and not by way of “‘lymph 
channels” as described for Fasciola hepatica (50) and Vasotrema robustum (101) 
or by boring through the tissues as described for Spirorchis elephantis (99). 
At present, there appear to be three methods by which cercariae escape 
through the integument, namely (7) active escape from a blood vessel through 
a fixed opening in the integument, as described here for four species of cercariae, 
(iz) active escape through the intact integument, as described for the cercariae 
of Schistosoma mansoni, which possesses a pair of escape glands (30), and 
(tz) passive extrusion of a mass of cercariae, as described for cercariae of 
Fasciola hepatica (50). 


Emergence of Cercariae 

Frequent observations were made with a 3 X loupe on individually isolated, 
infected snails to obtain cercariae for experimental exposures. When it was 
noticed that cercariae ceased to emerge from some snails and then began to 
emerge again some days, or even weeks, later, observations on emergence were 
made once or twice a week until the snails died or were killed. 


A. arisaemoides 

The emergence of cercariae from 11 individuals of Planorbula armigera is 
shown in Fig. 44. Ten of these snails (Nos. 1-10) went through at least two 
periods of cercarial emergence, separated by a period of no emergence. The 
first period of cercarial emergence varied from four to 19 weeks (av. 12 weeks), 
and the following period of no emergence varied from one to 19 weeks (av. 
eight weeks). Subsequent periods of emergence were shorter, varying from 
less than one week to eight weeks. The initial period of emergence was 35 
weeks long for one snail (No. 11), and ended two days before the death of the 
snail. The patterns of cercarial emergence show no apparent correspondence 
among snails. 

The emergence of cercariae from six individuals of Promenetus exacuous is 
shown in Fig. 45. The initial period of emergence from these snails was 
shorter (one to four weeks, av. two and one-half weeks) than from Planorbula 
armigera (four to 19 weeks, av. 12 weeks), and the first period of no emergence 
was longer (six to 21 weeks) for the three Promenetus exacuous which entered 
a second period of emergence. A comparison of Figs. 44 and 45 suggests that 
Planorbula armigera is a more suitable host than Promenetus exacuous for 
A. arisaemoides. 

Those snails which died during periods of no emergence and were not too 
decayed were dissected. P. armigera No. 1 died one month after the last 
emergence and 11 months after the first emergence of cercariae. In it were 
found a mother sporocyst, which contained a daughter sporocyst, and daughter 
sporocysts containing elongate germinal masses and cercarial embryos in the 
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Fic. 44. Emergence of the cercariae of A. arisaemoides from Planorbula armigera. 


germ ball stage. P. armigera No. 8 died one month after the last emergence 
and six months after the first emergence of cercariae. Some of the daughter 
sporocysts in it contained germinal masses only; others contained germinal 
masses and cercarial embryos. P. armigera No. 9 died four months after 
the last emergence and 11 months after the first emergence of cercariae. A 
mother sporocyst containing germinal masses was found in it; no daughter 
sporocysts were found. P. armigera No. 10 died three months after 
the last emergence and 11 months after the first emergence of cercariae. It 
contained a mother sporocyst and four daughter sporocysts. P. exacuous 
No. 6 was examined four months after cercariae had stopped emerging. It 
harbored about 30 daughter sporocysts which contained elongate germinal 
masses (Fig. 28) and cercarial embryos in the germ ball stage. A mother 
sporocyst was not found. P. exacuous No. 4 died 12 weeks after cercariae 
had stopped emerging and daughter sporocysts were found in it in the same 
condition as in No. 6. 


A. canis 

The emergence of cercariae from six individuals of Helisoma trivolvis (Nos. 
1—6) and one H. campanulatum (No. 7) are shown in Fig. 46. It can be seen 
that the emergence of the cercariae of A. canis resembles that of the cercariae 
of A. arisaemoides in the irregular alternation of periods of emergence with 
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Fic. 45. Emergence of the cercariae of A. arisaemoides from Promenetus exacuous. 
Fic. 46. Emergence of the cercariae of A. canis from the snail host. 


periods of no emergence. Two of the snails died and were examined during 
periods of no emergence. In the first (No. 6), which died 33 weeks after 
cercariae had last emerged, a mother sporocyst was found along with many 
daughter sporocysts, which contained elongate germinal masses and cercarial 
embryos in the germ ball stage. The second snail (No. 7) died two weeks 
after cercariae had last emerged. It harbored a mother sporocyst, which 
contained daughter sporocysts, and many free daughter sporocysts. 

While these few data on cercarial emergence in A. arisaemoides and A. canis 
are not sufficient to interpret the cause of lapses in cercarial emergence, it 
seems probable that the cause is related to either, or both, the host—parasite 
relationship and the reproductive cycle of the intramolluscan stages. With 
regard to the first, it may be that the dynamic balance between host and 
parasite can be shifted to the advantage of the host with the result that the 
production of cercariae and, perhaps, of daughter sporocysts is retarded for 
extended periods. The finding of daughter sporocysts with all of the cercarial 
embryos in the germ ball stage during periods of no cercarial emergence 
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suggests that the development of cercariae may be arrested at this stage. 
With regard to the second supposition, that of a reproductive cycle within 
the snail affecting cercarial emergence, the fact that the mother sporocysts of 
both species persist for as long as one year, and apparently continue to produce 
daughter sporocysts throughout this period, may offer a clue. It may be 
that successive broods of daughter sporocysts are produced by the mother 
sporocyst and that when there is a lapse in time between the cessation of 
cercarial production by one brood of daughter sporocysts and the start of 
cercarial production by the next brood, there is a period when no cercariae 
emerge. The effect of the host on the parasite may, of course, be superimposed 
on such a rhythm in daughter sporocyst production. The great variation 
observed between snails suggests that the correct explanation is probably not 
asimple one. Byrd and Scofield (12) have pointed out that little is known at 
present of the intrinsic factors affecting cercarial emergence, the nature of the 
snail’s defensive response to infection, and the length of the reproductive 
period in mother and daughter sporocysts. Several workers have shown that 
environmental factors, especially light and temperature, have marked effects 
on the numbers of cercariae emerging from asnail. However, it seems unlikely 
that such factors can account for the prolonged periods during which no 
cercariae emerged, because the infected snails were maintained in the 
laboratory where the temperature seldom fluctuated by more than 3°C. 
from 21° C., where the light, if unnatural, was consistent, and where feeding 
and cleaning of the snails was carried out according to the same schedule 
throughout the period of observation. 

These preliminary data on cercarial emergence have been included for two 
reasons. First, no similar observations were reported or referred to in studies 
of cercarial emergence by Cort (16), Dubois (27), Giovannola (33), Rees (85), 
Schreiber and Schubert (87), Travassos (96), Stirewalt (92), and Byrd and 
Scofield (12). Second, the occurrence of extended periods during the life of 
an infected snail when no cercariae emerge points up the danger of using 
wild-caught snails for experimental infections even when they have been 
isolated and found negative for cercariae for some days before experimental 


exposure. 


Time of Emergence and Numbers Emerging 

Cercariae of A. arisaemoides emerged in the morning, apparently earlier 
than those of A. canis. As many as 300-500 cercariae emerged daily from 
one snail during the first few weeks of emergence. One to three months later 
the number dwindled to less than 50 per day and then emergence ceased 
entirely for varying periods. 

The daily emergence of the cercariae of A. canis began about 9 a.m., reached 
a peak at about noon, and almost ceased by 4 p.m. Early in the course of 
infection about 4000 cercariae emerged each day. Daily emergence of 
cercariae of A. canis during the peak period (ca. 4000) was about ten times 
greater than for cercariae of A. arisaemoides (ca. 300-500). This may be 
related to the size of the host, since Helisoma trivolvis (Fig. 75) is much larger 
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than Planorbula armigera (Fig. 73). Cercariae of both A. canis and 
A. arisaemoides lived for two to three days at room temperature (21 + 3° C.), 


in water. 


Activity 

Most of the cercariae of both species, when not disturbed, were in the 
resting position, hanging head downward with the furcae spread at less than 
180° (Fig. 42). In this position, the cercariae slowly sank. In a cloud of 
cercariae, a few could be seen swimming upward about a millimeter and then 
stopping. In 14 observations, the average length of the resting period was 
30 sec. (range 18-48 sec.) and of the active period two to four seconds, for 
cercariae of A. arisaemoides. Just before the cercaria starts to swim, the tail 
stem shortens, and the furcae and body lengthen. The cercaria usually moves 
tail first, by flexing the tail from side to side rapidly. This gives the impression 
of vibrating about two nodes, one near the distal end of the tail stem and the 
other near the posterior end of the body (Fig. 41). When disturbed by 
agitation, cercariae swim one to five centimeters along straight paths before 
coming to rest. Frequent short increases in the amplitude of vibration occur 
during these longer swims. When a cercaria stopped swimming, the furcae 
bent toward the tail stem quickly, making an angle of less than 90° with the 
latter, and then slowly extended to more than 90°, which is the resting position. 
Cort and Brooks (19) described the same behavior for Cercaria marcianae. 

Cercariae of A. arisaemoides were usually evenly distributed vertically near 
the side of the jar nearest the source of light, but sometimes they were dispersed 
throughout the whole jar or concentrated in the top or the bottom half of the 
jar. No consistent behavior was observed. Cercariae of A. canis were 
unaffected by light and remained evenly distributed in the jar. Cercariae of 
both species showed no response to passing shadows. 

The swimming behavior of these cercariae is like that described for the 
cercaria of A. mustelae (7). The cercaria of A. marcianae remains in the 
typical resting position most of the time, but, when it does swim, it covers a 
considerable distance (19). In this it differs from the cercariae of A. mustelae, 


A. arisaemoides, and A. canis. 


Penetration 

No difference was observed in the methods of penetration of leopard frog 
tadpoles by cercariae of A. arisaemoides and A. canis. When a tadpole 
remained inactive in a dish with cercariae, the latter behaved as they had 
before the tadpole was added, that is, most of them hung in the water in the 
resting position, occasionally swimming upwards a few millimeters; however, 
when the tadpole moved, setting up water currents, the cercariae swam 
vigorously in all directions, often swimming three or four centimeters before 
coming to rest. The observations suggest that the agitation of the water by 
the tadpole, rather than any character of the tadpole as such, stimulates the 
cercariae into swimming, and that the undirected, but straight line, swimming 
carries them against a tadpole by chance alone. In most cases, cercariae 
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attached themselves to the tadpole immediately on striking it. A few 
cercariae either continued in their burst of swimming and swam away from the 
tadpole, acting as though they had not struck an obstacle, or, darted rapidly 
about, changing direction frequently, behaving as if they had responded to 
contact with the tadpole and were trying to find it again. When a cercaria 
struck tail first against a tadpole, it quickly turned about so that the body 
rested against the tadpole’s skin and the tail, flexed dorsally, was perpendicular 
to the tadpole (Fig. 43). The body, attached by its ventral sucker, lay against 
the tadpole, with the fore part curved so that the oral sucker was against the 
skin. Occasionally a cercaria would crawl about, probing the skin with its 
oral sucker before beginning to penetrate, but usually it penetrated at the 
first point of contact with the tadpole. Following attachment, the tail was 
inactive and the oral sucker probed the skin. Material from the penetration 
glands may be extruded onto the skin during this phase, although this was 
not seen. The spiny oral sucker was then thrust vigorously and repeatedly 
against the epidermis and soon began to force its way through. As the oral 
sucker was forced deeper into the epidermis by contraction and extension of 
the fore part of the body of the cercaria, the tail became active in bursts, 
which increased in duration. The tail stem was usually partly detached from 
the body by the time the oral sucker was below the surface of the epidermis, 
and when the whole body had entered the skin, the tail broke off in a burst of 
violent lashing, and darted quickly away. Two observations indicate that 
the lashing of the tail does not assist the body to penetrate. First, when the 
tail broke away from the body, it moved away from the tadpole, and second, 
when the angle between the furcae and the tail stem was less than 90°, as it 
was in penetrating cercariae, the cercaria swam tail first, whereas when the 
angle was greater than 90°, the cercaria swam head first. The body of the 
cercaria continued to worm its way into the tadpole, and as it disappeared 
below the surface of the skin, the posterior end of the body was seen protruding 
at intervals as the body elongated and contracted. 

The length of the first phase, in which the oral sucker gently probed the 
skin, varied from one or two seconds on a young tadpole to 30 sec. on a tadpole 
in the hind-leg stage. The length of the second phase, during which penetra- 
tion was effected, varied from 30 sec. with a young tadpole (less than one week 
old) to two minutes with a tadpole in the hind-leg stage. Once within the 
tadpole, the cercarial body actively migrated deeper into the tissues. 

When tadpoles of Rana pipiens, R. clamitans, R. sylvatica, and Bufo 
americanus were put in cercarial suspensions, large numbers of cercariae of 
A. arisaemoides and A. canis quickly collected on them and began to penetrate. 
When a young green frog, which still had part of a dark, partly resorbed tail, 
was put in a cercarial suspension cercariae struck all over the body and tail 
of the frog, but only those which hit behind and below the corner of the mouth 
became attached and started to penetrate. That few cercariae penetrate 
frogs is suggested by the results of the exposure of a young leopard frog to 
large numbers of cercariae described earlier in the account of the life cycle. 
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When a green frog 6.5 cm. long and a leopard frog 5.0 cm. long were put into 
a dish with cercariae of A. arisaemoides, no cercariae were seen to penetrate 
the skin. Cercariae which swam tail first against the skin did not attach, 
but drifted or swam away. 

In order to gain some idea of when in the life of a frog it is susceptible to 
penetration, a series of Rana sylvatica from egg to adult: was exposed to 
cercariae of A. canis. When an egg was placed in a heavy cercarial 
suspension, it was seen that none of the cercariae which hit against it became 
attached or attempted to penetrate. Cercariae did not become attached to 
nor attempt to penetrate a blastula, which had been removed from the egg 
envelopes. The next stage exposed had the rough shape of a tadpole. When 
this stage was removed from the egg and put into a suspension of cercariae, 
a few of the many cercariae which struck it became attached and penetrated 
immediately. Penetration was so rapid that the tail was often carried part 
way into the embryo before it broke free. In one case, a cercaria, complete 
with tail, was found within the embryo 17 hr. after it had been exposed. 
When this cercaria was released in the dissection, it swam away. The tadpole 
in the next stage used was 24 hr. older than the preceding one and had a longer 
tail, which occasionally twitched and was covered with cilia which propelled 
the embryo about the dish slowly. No cercariae were observed to penetrate 
this embryo in a period of half an hour. The embryo was left in a dish of 
water for 12 hr. and then re-exposed to cercariae. At this time two cercariae 
penetrated the embryo. When an adult frog was put with the cercariae, 
cercariae which struck the skin of the leg, head, and back did not become 
attached nor attempt to penetrate, those which struck the skin of the ventral 
surface of the abdomen would sometimes pause and explore the skin with the 
oral sucker, but did not become attached nor attempt to penetrate, and some 
of those which struck the cornea and moveable eyelid became attached and 
began to penetrate. 

Hoffmann (38) found that ceréariae of Fibricc/a cratera would not penetrate 
frog embryos (species not stated) prior to hatching but would penetrate 
tadpoles one day old and older. Olivier (71) found that tadpoles of Rana 
pipiens could be infected with cercariae of Diplostomum micradenum, but that 
adult frogs could not. Similarly, Hoffmann (38) found that cercariae of 
Fibricola cratera penetrated and infected tadpoles of Rana pipiens, R. clamitans, 
and Pseudacris nigrita, but did not infect adults of Rana pipiens, Acris 
crepitans, and Bufo americanus. 

The skin of the tadpole, then, undergoes a change during metamorphosis 
into a frog which so alters it that few cercariae respond by attaching and 
penetrating, although they are potentially capable of developing into 
mesocercariae in frogs. The conspicuous differences between the skin of a 
tadpole and the skin of a frog are (7) the epidermis in the tadpole is much 
thicker, with the outer layer of cells cuboidal or columnar, whereas in the frog 
the epidermis is thinner with the outer layer squamous, and (7) the mucous 
glands, so characteristic of frogs, are absent on tadpoles (37, 56). Since the 
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appearance of functional mucous glands coincides with the marked decrease 
in the number of cercariae which attempt to penetrate, it may be that mucus 
on the skin of the frog is the factor which prevents the cercariae from attaching 
and penetrating. This is strengthened by the observation that cercariae of 
A. canis which struck the cornea or moveable eyelid of a frog, Rana sylvatica, 
became attached and began to penetrate. These structures have a squamous 
epithelium but no mucous glands. 


Mesocercaria 


Mesocercaria of A. arisaemoides 

The mesocercaria is oval, is slightly tapered in front and rounded behind, 
and is slightly convex dorsally and concave ventrally (Fig. 48). Thirty 
specimens measured 430 (400-470) uw by 180 (170-220) wy. 

The oral sucker is oval, and measured 86 (77-94) uw long and 70 (58-81) yw 
wide (Fig. 49). It possesses a definite external muscular coat over the posterior 
two-thirds which is composed of a layer of contiguous muscle fibers, about 2 wu 
thick. The circumoral area is naked (Fig. 48). The anterior portion of the 
body cuticle over the oral sucker is, however, thickly set with small stout 
spines. The oral sucker opens subterminally on the ventral side. The 
anterior ends of the ducts of the penetration gland cells lie within the sucker. 
The rest of the interior of the oral sucker is filled with what appear to be 
unicellular gland cells (GLC), similar to those described in the oral sucker 
of the cercaria. These cells are elongate, and claviform, and have finely 
granular cytoplasm which stains strongly with Nile blue sulphate and faintly 
with neutral red (Fig. 49). Their number and arrangement differs from that 
observed in the cercaria, but may have resulted from the multiplication of the 
four clavate, granular cells in the cercarial oral sucker. 

The ventral sucker, or acetabulum, is 75 (65-86) uw long and 69 (63-86) uw 
wide, and is situated immediately in front of the middle of the body, its anterior 
margin being 170 (150-200) uw from the anterior end. In the quiescent 
mesocercaria, it is retracted within the body, but during locomotion it is 
protracted outwards and forwards. Its functioning will be described later 
in the account of the movements of mesocercariae. Two or three broken and 
staggered rows of stout, inwardly directed spines about 4 uw long encircle the 
opening of the ventral sucker (Fig. 52). 

There are about 11 staggered rows of stout spines about 4.5 yw long (Fig. 53) 
on the body encircling the anterior half of the oral sucker. Behind these 
spines, the body is covered anteriorly with loose, staggered rows of smaller 
spines about 2 w long (Fig. 51). These spines become smaller and more 
widely separated posteriorly. Dorsally, they cover the whole surface except 
for a small circular area about the excretory pore. Ventrally, there is a small 
spineless area in front of the ventral sucker (Fig. 48). Across the posterior 
margin of the opening into the pouch of the ventral sucker, there are three 
loose, staggered rows of spines which are slightly longer than those located 
laterally. Behind these rows is a second, small spineless area. This arrange- 
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ment of body spines differs from that of the cercaria only in the density of the 
spines over the posterior two-thirds of the body. It would appear that the 
spines on the cercaria are carried over intact to the mesocercaria, but that 
they are more widely spaced as a result of the growth of the latter. The 
carrying-over of the cercarial spination into the mesocercarial stage has been 
observed in A. marcianae by Cort and Brooks (19), and Bosma’s statement 
(7) that ‘This distribution (of spines) resembles that found in the cercaria”’ 
suggests that it occurs in A. mustelae. It is also suggested for A. intermedia 
by Odlaug’s (70) figures and description. 


The prepharynx is thin walled and about 9 uw long: the pharynx is 15-17 yu 
long and 21 uw wide. There is a sphincter at the origin of each caecum (Fig. 
54). The inflated caeca (190 uw by 40-50 uw) pass back dorsal and lateral to 
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Fic. 47. Dorsal view of mesocercaria, showing gut and penetration glands (camera 
lucida). Fic. 48. Ventral aspect of mesocercaria showing arrangement of spines (free- 
hand). Fic. 49. Dorsal aspect of oral sucker of mesocercaria, showing glandlike cells 
and ducts of the penetration gland cells (freehand). Fic. 50. Lateral view of mesocercaria 
showing gut, bodies of the penetration gland cells, and dorsoventral muscle fibers (camera 
lucida). DPG, duct of penetration gland; GLC, gland (?) cell; OO, oral opening. 





356 CANADIAN JOURNAL OF ZOOLOGY. VOL. 34, 1956 


the ventral sucker and the penetration glands, and end 150 (130-170) uw from 
the posterior end of the body. Their lumina contain a fluid which stains 
pink with neutral red and contains a few small granules. Their walls contain 
circular muscle fibers as suggested in Fig. 54, b and c. 


The body wall is covered by a clear, apparently homogeneous cuticle about 
3 w thick in optical section. Beneath the cuticle is a layer of circular muscle 
fibers about 1 uw wide which form a continuous sheet. The ends of these 
fibers could not be seen. Internal to this is a layer of discrete, separate, 
longitudinal muscle fibers, about 1 uw to 2 uw wide, which show occasional 
anastomoses. Ventrally, these fibers are about 1 w apart in front of the 
ventral sucker and 3.0-3.5 w apart behind it. The fibers in the median field 
on the ventral side curve laterally about the opening to the ventral sucker. 
Anteriorly, these longitudinal fibers appear to be inserted on the cuticle at 
the junction of the cuticle and the capsule of the oral sucker. Beneath the 
layer of longitudinal fibers lie two sets of diagonal fibers, one dorsal and one 
ventral (Figs. 55, 56). Dorsally there are eight or nine pairs of crossed sets 
of diagonal fibers. Each set contains three or four well-separated, parallel 
fibers which are less than 1 yw in diameter. Anteriorly, the first set arises 
laterally at the level of the posterior end of the oral sucker, and posteriorly, 
the last set arises laterally at the level of the posterior end of the caeca. 
Ventrally, there are six pairs of sets of diagonal fibers. Each ventral set is 
composed of two separated parallel fibers. Anteriorly, the first set arises 
laterally at the level of the anterior margin of the circular muscle fibers of the 
oral sucker, and posteriorly, the last set arises laterally, opposite the anterior 
end of the posterior penetration gland. It seems likely that these muscle 
fibers, together with the circular fibers, effect elongation. 


Slender (<1 yw), well-separated (by about 8-10 yu), dorsoventral fibers occur 
throughout the body, between the internal organs, from the level of the 
mid-point of the oral sucker to the posterior end (Fig. 50). These fibers have 
bifurcate ends, which apparently are attached to the body wall. These fibers 
would effect the dorsoventral flattening of the body during locomotion. 
Within the mesenchyme there is a striking set of four groups of symmetrically 
arranged muscle fibers. Two of these groups are shown in Fig. 57. They 
are inserted around the oral opening, in a ring of 16 fibers, of which, on each 
side, four are dorsolateral and four are ventrolateral. From their insertion, the 
fibers pass back through the oral sucker in the form of a tube about the cavity 
of the sucker. On leaving the oral sucker, the groups begin to separate from 
one another, and, at the level of the pharynx, diverge from the mid-line and 
pass posteriorly and laterally over the caeca, one group on the caecal wall 
dorsally and one ventrally on each side. The fibers follow the caecal wall 
closely, although they are not attached to it, so that the dorsal group passes 
ventral to the ducts of the penetration glands. As the four fibers of each 
group pass back along a caecum, they diverge from one another. Beginning 
at the level of the posterior margin of the ventral sucker, the medial fiber 
of each group gives off a parallel series of branches which run posteromedially 
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in the parenchyma. Near the posterior ends of the caeca, the medial fibers 
turn toward the mid-line, and the three lateral fibers begin to give rise to 
both medial and lateral branches which run posteriorly. Posterior to the 
caeca, the identity of the four fibers of each group is lost through division into 
branches. The branches originate from a series of short side branches which 
are attached to the parenchyma. These muscles appear to serve two functions 
(¢) retraction of the oral sucker and consequent inversion of the anterior end 
of the body, and, perhaps, (72) aid in the shortening of the body, although this 
latter function could be effected by the external longitudinal fibers. Compar- 
able internal muscles have not been described in other mesocercariae. Internal 
longitudinal muscles were not observed in the cercaria, but the close corre- 
spondence in the movements of the mesocercaria and the cercaria suggests 
that such muscles may be present in the latter. 

The four unicellular penetration glands lie in front of the ventral sucker; 
except for the posterior member of the anterior pair, they lie ventral to the 
caeca (Figs. 47, 50). The anterior and medial pair measured 58 (42-75) wu 
long and 57 (48-67) uw wide; the posterior pair measured 66 (54-74) uw long 
and 57 (42-71) uw wide. The ducts arise from rounded protuberances on the 
dorsal surfaces of the gland cells (Figs. 47, 58); the ducts from the anterior 
pair arise medial to the caeca and run anterolaterally, dorsal to the caeca, 
to join the ducts from the posterior pair. The two ducts on each side run 
forward, with the duct from the anterior gland cell dorsal, to the oral sucker, 
which they enter posterolaterally. Within the oral sucker, the ducts widen 
abruptly and then narrow gradually to their tips which open laterally in the 
circumoral spineless area (Fig. 49). The openings of each pair of ducts are 
contiguous, one being dorsal and one ventral, and appear to be guarded by 
sphincters. The nucleus of each gland cell is conspicuous and spherical, and 
contains a single large nucleolus. The nucleus is about 10-12 yu in diameter, 
and is contained within a cavity in the cell. The stroma of the gland cells 
is finely and uniformly granular, ‘and does not stain readily with neutral red, 
Nile blue sulphate, methylene blue, or toluidine blue. During expression of 
the gland, granules stream toward the base of the duct in parallel streams 
which are several granules wide (Fig. 58). These lines of granules converge 
at the base of the duct and continue into the duct in streams one or two 
granules wide. Within the duct, discrete lines of granules can be traced 
forward to the point where the ducts penetrate the oral sucker. It would 
appear from this observation that there are fine intracellular ducts within the 
gland cells. 

When cercarial bodies penetrated tadpoles, large amounts of granular 
material were lost from the penetration glands, leaving large cavities. How- 
ever, even when largely depleted, the gland cells maintained their identity 
and their shape, and, during development of the mesocercaria, they grew in 
size and gradually refilled with granular material, so that when the mesocercaria 
had reached full development in two weeks, the gland cells were fully 
reconstituted. That is, the penetration glands are carried over directly from 
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the cercaria. The penetration glands were partially emptied during the 
migration of mesocercariae in the tissues of paratenic and definitive hosts. 
In paratenic hosts, the gland cells became fully reconstituted once the meso- 
cercariae had ceased their travels. Reconstitution took a month or more in 
laboratory mice, garter snakes, and chickens. In the lungs of the definitive 
hosts, the gland cells gradually disappeared as the mesocercariae underwent 
metamorphosis into diplostomula. 

The excretory system is shown in Fig. 61. The excretory pore (EP) is sunk 
in the dorsal body wall subterminally in a small circular spineless area; it 
opens into a short, common, terminal portion of the excretory bladder which 
runs forward and inward, and gives rise to the two bladder arms (BA). The 
bladder arms run forward laterally from their ampulliform terminal enlarge- 
ment nearly to the posterior ends of the caeca. At this point they turn laterad 
and then posteriad, where they are thrown into several convolutions which 
do not contain tufts of cilia. Arising from the anterior loop of each bladder 
arm is a branch, narrower than the bladder arm, which runs forward medial 
to the anterior collecting tubule and ends blindly near the anterior margin of 
the ventral sucker. The examination of stages in the transformation from 
mesocercaria to diplostomulum has shown that this anteriorly directed, blind 
branch of the bladder arm is the primordium of the reserve excretory system 
of the diplostomulum adult. The anterior (ACT) and posterior (PCT) 
collecting tubules, and their primary and secondary branches are arranged as 
in the cercaria. After giving off the second primary branch, the posterior 


collecting tubule continues posteriorly for a variable distance and ends blindly 
dorsal to the dilatation on the bladder arm. In the cercaria, the posterior 
collecting tubule runs into the base of the tail stem where it joins a pair of 
flame cells. When the cercaria penetrates a tadpole, the tail is lost, and the 
posterior collecting tubule posterior to the second primary branch becomes 
non-functional. A part, or all, of it remains in the mesocercaria (PBT). It 
was not always the same length on both sides of the same mesocercaria. 


Fic. 51. Spine from body of mesocercaria (freehand). Fic. 52. Spine from ventral 
of mesocercaria sucker (freehand). Fic. 53. Spine from oral hood of mesocercaria 
(freehand). Fic. 54. Outline drawings of caeca of mesocercaria showing (a) sphincters 
near oesophagus, (b and ¢c) septate appearance, indicating presence of circular muscle 
fiber (freehand). Fic. 55. Ventral view of mesocercaria showing arrangement of ventral 
diagonal muscle fibers (freehand). Fic. 56. Dorsal view of mesocercaria showing arrange- 
ment of dorsal diagonal muscle fibers (freehand). Fic. 57. Dorsal view of mesocercaria 
showing the two dorsal sets of internal longitudinal muscle fibers and the genital rudiment 
(freehand). Fic. 58. Dorsal view of a penetration gland cell of mesocercaria showing 
the linear arrangement of granules superficially (freehand). Fic. 59. Encapsulated 
mesocercaria of A. canis from an experimentally infected deer mouse, Peromyscus 
maniculatus. Outer part of cyst wall composed of fibrous layers; inner part finely 
granular and gelatinous (camera lucida). Fic. 60. Ventral aspect of mesocercaria during 
locomotion. Spines of oral hood shown on left side and duct of penetration gland shown on 
right side (freehand). (a) Mesocercaria relaxed, oral sucker not invaginated, and penetra- 
tion gland duct not constricted by capsule of oral sucker; ventral sucker retracted and 
dilated. (b) Mesocercaria at maximum elongation, with anterior end invaginated and 
body flattened posterior to the ventral sucker. (c) Mesocercaria beginning to contract, 
with anterior end everted so that mouth of penetration gland duct is terminal, ventral 
sucker protracted and constricted, body narrowed behind ventral sucker, and penetration 
gland duct constricted by the capsule of the oral sucker. GR, genital primordium, 
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This variation in the extent of the posterior collecting tubule was found in 
premesocercarial stages and in mesocercariae from two weeks to 14 months old. 

The secondary branches of the collecting tubules are each joined to a 
capillary group. The number of flame cells in each capillary group varied 
both within and between worms and so a precise flame cell formula cannot be 
given for this mesocercaria. The frequency of occurrence of the number of 
flame cells per capillary group was as follows in a sample of 220 capillary 
groups: five flame cells per group, 0.5%; six, 1.4%; seven, 15.4%; eight, 
49.5%; nine, 26.4%; 10, 6.4%; 11, 0.0%; and 12, 0.5%. 

The number of flame cells in each capillary group was most frequently 
eight, but varied from five to 12. Noconsistent differences were noted in the 
number of flame cells in capillary groups in different parts of the body. 

The flame cell formula may be given as 2 [ (8 + 8) + (8 + 8) + (8 + 8) 
+ (8 + 8) + (8 + 8)] = 160, if it is kept in mind that the number of flame 
cells in a capillary group does vary. Considerable variation occurred also in 
the pattern of branching within individual capillary groups. That is, all of 
the capillaries in a group did not arise together from the ends of the secondary 
branches of the collecting tubules (Fig. 61). 

The genital primordium (GR, Fig. 57) was not observed in living 
mesocercariae, but is easily seen in mesocercariae stained with Mayer’s 
haemalum as a loose, roughly spherical mass about 20 w in diameter situated 
in the mid-line half way between the ends of the caeca and the excretory pore. 
In some mesocercariae, there was a denser clump of nuclei anteriorly; in none 
were the genital organs recognizable. 


Mesocercaria of A. canis 
The mesocercaria of A. canis was compared in all details with that of 
A. arisaemoides. The only morphological differences found were; 
(7) The ventral sucker bears 3 to 4 staggered rows of spines, whereas in the 
mesocercaria of A. arisaemoides the ventral sucker bears 2 to 3 rows. 
(it) The number of flame cells in each capillary group varied from four 
to eight with an average of six, whereas in the mesocercaria of 
A. arisaemoides the average number was eight. The frequency of 
occurrence of the number of flame cells in each capillary group was as 
follows in a sample of 171 capillary groups of mesocercariae of A. canis: 
four flame cells per group, 0.6%; five, 6.4%; six, 55.0%; seven, 
33.4%; and eight, 4.7%. The flame cell formula may be written as, 
2[(6+6) + (6+6) + (6+6) + (6+ 6) + (6+ 6) ] = 120, if it is 
kept in mind that there is variation in the number of flame cells per capillary 
group. In addition, as in the mesocercaria of A. arisaemoides, considerable 
variation was found in the pattern of branching of the capillary tubules in the 
capillary groups (Fig. 61). Such variations were found in mesocercariae 
which were one year old, and so it may be assumed that they represent the 
final condition. The variations in the number of flame cells per capillary 
group and in the pattern of branching of capillaries have been stressed here 
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Fic. 61. Dorsal view of mesocercaria, showing the excretory system on the right side. 
Capillaries and flame cells of the ventral groups shown by dotted lines (freehand). 
ABT, anterior blind tubule (rudiment of reserve excretory system); ACT, anterior 
collecting tubule; BA, bladder arm; EP, excretory pore; PBT, posterior blind tubule; 
PCT, posterior collecting tubule. 


for two reasons, viz. they are striking in the mesocercariae of both species, and 
such variation has not been described in the mesocercariae of A. mustelae (7), 
A. intermedia (75), and A. marcianae (15). 


Comparison 

In this comparison only those mesocercariae of known taxonomic position 
and adequate description are included. They are the mesocercariae of 
A. mustelae described by Bosma (7), A. intermedia described by Olivier and 
Odlaug (75), and by Odlaug (70), and A. marcianae described by LaRue (53) 
and Cort (15). An annotated list is appended of inadequately described 
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mesocercariae of unknown taxonomic position. The measurements of 
mesocercariae of A. arisaemoides and A. canis (Table X) were made on worms 
of the same age (34 weeks) from the same host (Rana pipiens). 

Although the averages of some measurements differ, such as width of body 
and sizes of the suckers, the ranges of all these measurements overlap. That 
is, the mesocercariae of A. arisaemoides and A. canis are not readily separable 
on the basis of size. The mesocercaria of A. marcianae is similar in size and 
proportions to these two species, while the mesocercariae of A. mustelae and 
A. intermedia are smaller. The mesocercariae of A. arisaemoides and A. canis 
differ from those of A. mustelae and A. intermedia in having (z) body spines 
extending to the posterior end, (iz) penetration glands preacetabular, and 
(iit) a larger number of flame cells. The mesocercariae of A. arisaemoides 
and A. canis are similar to that of A. marcianae, but can be differentiated from 
it by (z) uniform spination dorsally, and pre- and postacetabular spineless 
areas ventrally, (iz) presence of a posterior blind extension of the posterior 
collecting tubule (absent in A. marcianae according to Olivier and Odlaug 
(75) ), and (zz) presence of an anterior blind tubule, the primordium of the 
reserve excretory system. The mesocercaria of A. arisaemoides differs further 
from that of A. marcianae in (i) flame cell formula, and (iz) having fewer 
rows of spines on the ventral sucker. 

The mesocercariae of the five species, A. arisaemoides, A. canis, A. mustelae, 
A. intermedia, and A. marcianae, may be separated into two groups on the 
basis of spination of the body and the arrangement of the penetration glands. 
One group, containing A. mustelae and A. intermedia, of the subgenus Paralaria 
is characterized by (2) having spines on the body confined to the region anterior 
to the anterior margin of the penetration glands and (72) having the penetration 
glands tandem and largely lateral to the ventral sucker. The other group 
containing A. arisaemoides, A. canis, and A. marcianae, of the subgenus 
Alaria, is characterized by (i) having spines over at least part of the body 
extending to the posterior end, and (iz) having the penetration glands anterior 
to the mid-line of the ventral sucker, with the anterior gland cells touching, or 
overlapping, in the mid-line anterior to the ventral sucker. It may be that 
there is a mesocercarial type which corresponds to each subgenus. The 
mesocercaria of A. alata, a composite based on the European descriptions of 
the mesocercaria (81, 77, 90), appears to belong in the same group as 
A. arisaemoides, A. canis, and A. marcianae. The adult, similarly, belongs 
in the subgenus A/laria. 


ANNOTATED LIST OF INADEQUATELY DESCRIBED MESOCERCARIAE 
OF UNKNOWN TAXONOMIC POSITION 


North American 
1. Agamodistomum ordinata (Nicoll, 1912) Hughes, 1928 (43) 
Synonyms: Cercaria ordinata Nicoll, 1912 
Host: Thamnophis sirtalis, garter snake 
(called Thamnophis ordinatus sirtalis by Nicoll) 
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2. Agamodistomum sp. (in Stiles (91) ) 
see Hughes (43) 
Host: Sus scrofa L., domestic pig 


3. Mesocercaria la-ruei (Hughes, 1928) Olivier and Odlaug, 1938 (75) 
Synonyms: Agamodistomum la-ruei Hughes 
Host: Procyon lotor lotor (1) raccoon 


Hughes (43) says ‘“Agamodistomum la-ruei closely resembles A. 
marcianae . . . (but is), however, somewhat smaller . . . and, since 
it occurs in a homothermous host it is probable that it belongs to a 
distinct species”. With present knowledge this latter reason is no 
longer valid, for it is known that the mesocercaria of a single species can 
occur in amphibians, reptiles, birds, and mammals, and it is proposed 
that Mesocercaria la-ruei be reduced to a synonym of Alaria marcianae. 


South American 
4, ‘“Pseudodistomulum mit vier Driisenzellen’’ in Lutz (62), Pl. II, Fig. 7 
Hosts: Leptodactylus pentadactylus, a toad. In the description 
of the figure of this mesocercaria, the host is called 
Leptodactylus ocellatus. 


Lutz fed this mesocercaria to kittens and found that it developed into 
an alariiform diplostomulum. He fed the diplostomula to a dog and 


recovered adults of a species of A/aria. 


5. Mesocercaria of Dicranocercaria gyrinipeta (Lutz, 1921) Lutz, 1933 
Host (expt.): tadpoles of toads and leaf frogs 
Lutz (63) did not suggest any relationship between this 
mesocercaria and his ‘‘Pseudodistomulum mit vier 
Driisenzellen’’ (62) 


European 
6. Agamodistomum putorii (Molin, 1858) Hughes, 1928 
see Hughes (43) 


7. Alaria tetracystis (Gastaldi, 1854) Brumpt, 1944 
Synonym: _Distoma tetracystis Gastaldi 
Hosts: Rana esculenta, edible frog (32) 

Tropidonotus natrix, snake (9) 


8. Agamodistomum suis (Duncker, 1896) Stiles, 1899 
see (43, 26, and 89) 


9. “Distoma sp? No. 2” (in Timofeev (95) ) 
Hosts: Pelobates fuscus, a frog 
Tropidonotus natrix, a snake 
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“TI Trematoda gen. sp.”’ in Morozov (68), p. 118, Fig. 1 
Hosts: Mustela putorius, ferret (called Putorius putorius 
by Morozov) 
Mustela lutreola (called Lutreola by Morozov) 
Martes martes, pine marten 


“II Trematoda gen. sp.”’ in Morozov (68) 
Hosts: Mustela erminea 
Mustela lutreola 


Although this worm is not described and is poorly figured (p. 119, 
Fig. 2) it seems likely that it is the encapsulated form of Morozov’s 


“I Trematoda gen. sp.” 


Synonymies Proposed 
I. By Petrov and Dubnitski (78, from Stefanski and Tarczynski (90) ) 
for the ‘‘metacercaria”’ of A. alata: 


(1) Distomum putorii Molin, 1858 (see von Linstow (58) ) 
(11) Tetracotyle foetorit von Linstow, 1876 (59) 
(tit) Diplostomum putorii von Linstow, 1877 (60) 


Il. By Stefanski and Tarezynski (90), for ‘‘metacercaria’”’ of A. alata: 
“I Trematoda gen. sp."’ (in Morozov, 1937) 


There is, unfortunately, little information on the morphology of the larvae 
in I and II above, certainly not enough to reduce them to synonymy with 
certainty. The best that can be done is to use the brief descriptions together 
with the hosts and the localities, and to admit as synonyms those larvae in 
the same hosts and from the same localities in order to clear the literature of 
larval names which can never be precisely defined. 

Of the above synonyms, ‘‘I Trematoda gen. sp.”” may be considered to be 
the same as the mesocercaria of A. alata since the hosts, mustelids, and the 
locality, the Gorky region of Russia, are the same. Distomum putorit may be 
considered as a synonym as it was found in the same host, although from a 
different locality (Germany). 

Diplostomum putorii is not a mesocercaria but is a diplostomulum without 
lateral sucking cups, that is, it is not alariiform. It does not belong in the 
genus Al/aria, but it may be the diplostomulum of Pharyngostomum cordatum, 
a diplostome of the cat, Felis domesticus, which has been recorded from 
Germany. This suggestion was made by Wallace (102) who had shown 
experimentally that a mammal, the laboratory rat, could serve as a paratenic 
host for the diplostomulum of P. cordatum. 

Tetracotyle foetorii was found by von Linstow (59) in capsules between the 
oesophagus and the adjacent neck muscles of Mustela putorius, the polecat 
(called Foetorius putorius by Linstow). From von Linstow’s figure (Taf. I, 
Fig. 2) it can be seen that it isa tetracotyle. von Linstow correctly considered 
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it to be the larval stage of Holostomum. This defunct genus corresponds to 
the family Strigeidae. | Lutz (62) considered it probable that Distomum 
putorit was an earlier stage of development of Tetracotyle foetorii, a surprising 
conjecture when it is recalled that Lutz himself had shown that a mesocercaria 
similar to Distomum putorii was the larval stage of a species of Alaria, whereas 
a very different kind of mesocercaria developed in mustelids, among other 
hosts, into the tetracotyle of Strigea vaginata. On the basis of Lutz’s own 
findings, it seems probable that Tetracotyle foetorii is the larval stage of a 
species of Strigea. 


III. By Dollfus and Chabaud (26), for the mesocercaria of A. alata: 


(i) Distomum putoriit Molin, 1858 

(11) Distomum musculorum suis Duncker, 1896 

(111) Distoma sp? No. 2 (in Timoteev, 1900) 

(tv) Distoma tetracystis Gastaldi, 1854 

The basis for these synonymies cannot be morphological because of the 

brevity of the existing descriptions. The basis, according to Dollfus and 
Chabaud, is that “Comme une seule espéce d’Alaria, A. alata (Goeze, 1782), 
est connue en Europe a |’état adulte, nous nous demandons—sans pouvoir 
l’affirmer formellement—si l’on ne doit pas considérer comme appartenant a 
la méme espéce l’ensemble des larves mésocercaires d’Alaria trouvé en 
Europe...”’. To avoid confusion created by unassignable names, it seems 
best to accept these synonymies at the present time, although the morpho- 


logical equivalence of these forms has not been, and probably cannot be, 
demonstrated. 


Discussion 

The mesocercaria, as known in the genus A/laria, is essentially an enlarged 
or hypertrophic cercarial body, differing from the cercaria primarily in the 
complexity of its excretory system. The mesocercarial excretory system is a 
simple protonephridial system on the same plan as that of the cercaria, differ- 
ing from the latter only in the number of flame cells in each group arising 
from the secondary branches of the collecting tubules. It has not advanced 
over the cercarial excretory system in the development of the reserve excretory 
system, which is characteristic of the diplostomulum and adult. 

Olivier and Odlaug (75) accepted Bosma’s name mesocercaria and elevated 
it to the position of a larval group name to replace the name A gamodistomum 
Stossich, 1892. Agamodistomum was defined by Stossich (93) as distomes 
without sexual organs; this definition lacks precision since it fails to 
differentiate between mesocercariae and metacercariae. The use of the term 
metacercaria for this stage by certain authors has been discussed earlier. 

Baer (2) has treated the name mesocercaria from an ecological rather than 
a morphological point of view. He considers a mesocercaria as that stage 
which develops in the second intermediate host of those strigeid trematodes 
‘*... whose life history requires three intermediate hosts, the last one of these 
being optional’. As a result of this conception, Baer considers the 
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diplostomulum of Pharyngostomum cordatum in the second intermediate host 
(tadpole) as the mesocercaria, and the same diplostomulum in the third 
intermediate hosts (snake, bird, or rodent) as the metacercaria, although 
Baer admits that “... there does not seem to exist any morphological 
difference between the meso- and metacercariae’’. Wallace (102) showed that 
the diplostomulum of this species passes over unchanged from tadpoles to 
paratenic hosts. Among strigeate trematodes, the names “cercaria’”’, 
‘‘mesocercaria’, and ‘‘metacercaria’”’ have a firm morphological basis and 
represent quite distinct phases in the development of the sexual generation, 
and so the ecological interpretation of Baer is unfounded. Further, it adds 
only confusion to give two names to the same morphological stage of develop- 
ment. Baer has referred to Alaria and Pharyngostomum as having life cycles 
which require three intermediate hosts, the last of which is optional. If the 
third intermediate host is optional, it is non-essential and, therefore, is not by 
definition an intermediate host, but is rather a paratenic host. In the case of 
P. cordatum, snakes, birds, and rodents are non-essential hosts since the 
definitive host, the cat, was infected by Wallace (102) with diplostomula from 
the second intermediate host, the tadpole. Notwithstanding this experi- 
mental demonstration, Baer asserts that ‘‘The presence of a paratenic 
(transport) host... is not substantiated by experimental results’. 

The name ‘‘mesocercaria’’ was proposed by Bosma (7) for “‘. .. the definite 
prolonged intermediate stage which occurs in the secondary host (second 
intermediate host) between the cercarial and the definitive metacercarial phases 
in the life cycle of those trematodes having four hosts’. In two ways this 
definition is unsatisfactory. Firstly, the phrase “... intermediate stage... 
between the cercarial and the definitive metacercarial phases . . .’’ suggests two 
features of this stage, (z) that it occurs in time between the cercaria and the 
metacercaria and (ii) that it is morphologically intermediate between the 
cercaria and the metacercaria. The first of these connotations is correct, but 
the second is not, since the mesocercariae which have been studied possess 
characters of the cercaria, not those of the metacercaria. Secondly, since the 
work of Cuckler (23, 25), Potekhina (81), and the writer show that only three 
hosts are required in the life cycles of some species of A/aria, the restriction of 
the name ‘‘mesocercaria’”’ to a stage in the life cycle of trematodes with a 
four-host life cycle is not possible. It appears advisable, therefore, to re-define 
the name mesocercaria on a more strictly morphological basis as follows. 
The mesocercaria is a definite, prolonged stage, in the adult generation of 
strigeate trematodes, which closely resembles the cercarial body, from which 
it develops in the second intermediate host, and does not possess metacercarial 
features; it develops in turn, into the metacercaria in another host. 














































Host Reaction to Mesocercaria 

As no differences were noted in the host reactions to the mesocercariae of 
A. arisaemoides and A. canis, one description is given. In the leopard frog, 
a diffuse fibrous reaction was observed about masses of mesocercariae. A few 
mesocercariae were encapsulated singly by a thin layer of fibrous tissue. 
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In the garter snake, mesocercariae on the tongue-sheath were usually 
encapsulated in masses by fibrous tissue. In the chicken, duck, ferret, otter, 
house mouse, and deer mouse, all of the mesocercariae were encapsulated 
singly. Seventeen cysts of A. arisaemoides from the deer mouse measured 
1.02 (0.92-1.10) mm. by 0.93 (0.86-1.03) mm. Cysts of A. canis from the 
house mouse measured 0.54 (0.28-0.73) mm. by 0.44 (0.25-0.57) mm. (17 
cysts); from the chicken, 1.00 (0.87-1.22) mm. by 0.76 (0.62-0.78) mm. 
(seven cysts); and from the naturally infected otter, 0.87 (0.60-1.20) mm. by 
0.74 (0.53-1.00) mm. (14 cysts). The wall of the capsule in birds and 
mammals was composed of a thick, acellular, homogeneous, elastic or 
gelatinous, finely-granular material, arranged more or less conspicuously in 
concentric layers, with a thin outer covering of fibroblasts and fibers (Fig. 59). 
The mesocercaria lay in the central, fluid-filled cavity. The wall of the 
capsule and the fluid in the cavity were frequently invaded by leucocytes. 
The gelatinous material in the wall did not stain vitally with Nile blue sulphate, 
toluidine blue, or methylene blue. It appeared to be fibrous tissue which had 
undergone hyaline degeneration. This material could be peeled off in layers 
from capsules in birds and deer mice, but was soft in capsules from house mice, 
and from the otter. Inflammatory cells associated with these capsules were 
apparently macrophages and polymorphonuclear leucocytes in birds and 
mammals, as well as foreign body giant cells in birds. 


Locomotion 

Mesocercariae, of A. arisaemoides and A. canis, both in situ and free in 
saline, showed two sets of movements. In the first, elongation and contraction 
were in a straight line along the longitudinal axis of the worm. Beginning 
with a relaxed worm (Fig. 60a), the anterior part elongated, the posterior 
part elongated and widened, with the lateral margins turned down so that the 
posterior part of the body was concave ventrally (Fig. 600). 

During elongation, the ventral sucker is dilated so that the spines about 
its mouth are directed inward and can, presumably, aid the ventral sucker 
in maintaining the worm in one position during this phase. The extension 
and widening of the posterior part, which bears spines, although these are 
fewer than on the anterior part, would also serve to anchor the worm as the 
anterior part is thrust against the host’s tissues. When the worm has reached 
maximum extension, the oral sucker is everted and widened (Fig. 60c). This 
would fix the anterior end of the worm in the tissues while the rest of the body 
is brought forward during contraction. As well, shortening and eversion of 
the oral sucker closes off the penetration gland ducts within the oral sucker 
from the ducts behind and brings the openings of those ducts against the host’s 
tissues. In this way the oral sucker becomes a syringe for expressing the 
contents of the penetration gland ducts onto the tissues of the host. The 
expression of the contents of the ducts was never observed in mesocercariae 
free in saline, but was observed in mesocercariae under light coverglass pressure, 
suggesting that there are sphincters about the openings of the penetration 
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gland ducts, which are relaxed when the worm meets with resistance during 
locomotion. The narrowing of the posterior part of the body would make it 
easier for it to be drawn forward through the tissues during contraction. 

In the second set of movements, free mesocercariae elongated and con- 
tracted along a broadly U-shaped path, first to one side and then to the other. 
During these movements, the oral sucker was active, the ventral sucker was 
not, and the posterior half of the body did not widen during extension. These 
movements are probably related to the locating of penetrable surfaces. 

These observations show that the oral sucker of the mesocercariae is 
functionally an anterior organ (66), comparable with that of schistosome 


cercariae. 


Distribution of Mesocercariae in Tadpoles and Frogs 

Mesocercariae were widely scattered in experimentally infected tadpoles 
(see second intermediate host in life cycle of A. arisaemoides), but were 
concentrated in the thighs and in the floor of the buccal cavity in naturally 
infected frogs. These observations suggested the inquiry into the change in 
the distribution of mesocercariae when infected tadpoles of Rana pipiens 
underwent metamorphosis. Frogs and tadpoles were examined immediately 
after pithing, for it was found that mesocercariae began to move shortly after 
the death of the host. In fact, it was observed that mesocercariae would 
emerge from an intact, dead tadpole or frog into a dish of saline or water. 
These movements are of particular consequence with frogs, since in a dead frog 
the masses of worms disperse, giving a false picture of their distribution. 

Seven tadpoles, in various stages of metamorphosis, and 15 frogs, infected 
with mesocercariae of A. arisaemoides, and 14 tadpoles, in various stages of 
metamorphosis, and nine frogs, infected with mesocercariae of A. canis 
were examined. Since no differences in behavior were observed between 
mesocercariae of A. arisaemoides and A. canis, one account is given below. 

In tadpoles in the hind-leg stage, a few mesocercariae were in the thighs, 
both subcutaneously and intermuscularly, but most were widely distributed in 
the body and in the tail. In tadpoles with large hind legs, mesocercariae in the 
body were congregated ventrally in the region of the developing pectoral 
girdle. In tadpoles with four legs and complete tails, mesocercariae were 
still scattered in the tail, but in the body most of the mesocercariae were 
dorsal to the ventral part of the developing pectoral girdle, among the develop- 
ing jaw muscles, and under and between the fibers of the pectoralis muscle. 
In heavily infected tadpoles, some mesocercariae were in the walls of the 
bladder, lungs, oesophagus, and the first part of the stomach, and in the fat 
bodies. In frogs with partly resorbed tails, many mesocercariae were still in 
the tail, and more were in the thighs than before. Most of the mesocercariae 
in the body were loosely massed dorsal to the sternum. In frogs with fully 
resorbed tails, large numbers of mesocercariae were massed between the 
muscles of the thighs distally and between the episternum and hyoid. In 
heavily infected frogs, some mesocercariae were found between the ilia and 
the urostyle, and a few were found in the pericardial sac. 
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In various experiments frogs were exposed to infection with both species 
in three ways, (z) as tadpoles (Rana pipiens) to cercariae, (17) as frogs (Rana 
pipiens) to cercariae, and (iiz) as frogs (Rana clamitans) to fully developed 
mesocercariae. Mesocercariae were similarly distributed in frogs infected by 
all three methods; most were between the muscles ventrally in the distal 
part of the thighs or between the sternum and the hyoid. In the frogs 
exposed by method No. 1, mesocercariae, which had been widely scattered in 
the tadpole, collected in masses in these two sites. In frogs exposed by 
method No. 2, cercariae which had penetrated the skin presumably moved 
through the muscles to these two sites. In frogs exposed by method No. 3, 
mesocercariae presumably entered the body cavity through the wall of the 
oesophagus and stomach, and then made their way to these sites. The reason, 
or reasons, for this predilection is not apparent, nor can any explanation be 
offered as to why mesocercariae are widely scattered in the tadpole but 
closely massed in the frog. 

Hoffman (38) found that the diplostomula of Fibricola cratera, which were 
free in the body cavity of tadpoles, moved into the hind legs after 
metamorphosis into a frog. Chandler (21), on the other hand, found that 
diplostomula of Fibricola texensis remained in the body cavity of the frog 
following metamorphosis. 


Diplostomulum 


Development of the Diplostomulum from the Mesocercaria in A. arisaemoides 
Stages in the development of the diplostomulum (metacercaria) were 
dissected from the lung parenchyma of two foxes and a dog which had 
previously been fed mesocercariae. The worms were not encapsulated, but 
were in abscesses which measured about 5 mm. in diameter. Most of the 
abscesses occurred peripherally in the parenchyma of the lungs (Fig. 77). 
The earliest stage found in the lung parenchyma was a mesocercaria 
morphologically identical with a mesocercaria from a tadpole (Fig. 47), except 
for the presence of a large, irregular, central cavity in each penetration gland 
cell. The first striking change was in the caeca, which became longer and 
wider, extending almost to the level of the excretory pore (Fig. 62). At this 
stage, the worm possessed typical mesocercarial spination. The penetration 
glands, while conspicuous, were beginning to undergo involution, as indicated 
by a reduction in size and by a change in appearace from granular to alveolar, 
with a few small cavities rather than a single, large, central cavity. The 
parenchyma was somewhat opaque, unlike the transparent condition in the 
mesocercaria. The reserve excretory system had begun to develop, and 
although there was not sufficient material to study it completely, it was seen 
that the lateral vessel extended forward to the level of the pharynx, and the 
beginnings of the posterior lateral and median lateral branches were present. 
As involution of the penetration glands and the development of the reserve 
excretory system continued, the body increased in length and width, especially 
posterior to the ventral sucker, and the hindbody developed as a small, 
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terminal papilla bearing the excretory pore (Fig. 63). The mesocercarial 
spines were apparently lost during this phase of development and replaced by 
the metacercarial spines, for worms with a small holdfast had irregular gaps in 
the mesocercarial spination of the oral and ventral suckers, whereas worms 
with a fully developed holdfast had complete metacercarial spination. The 
pharynx elongated. The lappets (LA) appeared as blunt lobes, each contain- 
ing a parallel series of darkly staining cells. The holdfast (HF) developed 
early as a darkly staining oval mass behind the ventral sucker. The median 
longitudinal sulcus (LS) appeared early in the development of the holdfast. 
The caeca extended further posteriorly until their dilated ends lay lateral to 
the unchanged genital primordium. The suprapharyngeal commissure and 
the posterior lateral nerve cords became clearly visible; these were seen with 
difficulty in the mesocercaria. The bodies of the penetration glands became 
smaller; the ducts disappeared for the most part between the body of the 
gland cell and the oral sucker, but remained the same size within the oral 
sucker. The worm now was recognizable as a diplostomulum although it 
was not fully developed (Fig. 64). 


In the later development of the worm (Fig. 65), the holdfast elongated 
anteriorly until it approached, and in some cases surpassed dorsally, the 
posterior border of the ventral sucker. With the forward growth of the 
holdfast, a thin fold of the body wall developed behind the ventral sucker. 
The anterior end of the holdfast ran under the free posterior edge of this 
fold (EF). 

The lappets (LA), as stated above, appeared early in development following 
the development of the holdfast. They appeared first as blunt lobes, each with 
a parallel series of darkly staining nuclei (Fig. 64). The cells in the mid- 
sagittal plane appeared to develop into the forebody glands in the following 
manner. The cells became elongated at right angles to the lateral margin 
of the developing lappet. From the cell bodies, ducts developed laterally 
leading to the margin of the lappets. The cell bodies, containing the nuclei, 
grew backwards into the dorsal parenchyma of the forebody, where they were 
scattered from the level of the pharynx back to the level of the middle of the 
holdfast (Fig. 66). The ducts became dilated terminally within the stroma 
of the lappets. Small gland cells, such as Krause (51) found in the lappets of 
five species of diplostomids, were not seen at any point in the development 
of the lappets. 


At this time the spherical sacs of the terminal branches of the reserve 
excretory system developed. The calcareous granules developed in these sacs 
after the latter had formed. The granules appeared to develop in the center 
of a transparent matrix within the terminal sacs, and to grow by accretion in 
concentric layers. As growth of the diplostomulum proceeded, the small 
hindbody became demarcated and contained the ends of the caeca, the genital 
primordium (GR), and the terminal dilatations of the bladder arms. 
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The foregoing observations agree with those of Bosma (7) on A. mustelae, 
with one exception, namely that the genital primordium in A. arisaemoides 
does not develop as far as in A. mustelae, in which all of the parts of the adult 
reproductive system are present. 

It will be recalled that the experimental feeding of mesocercariae of both 
A. arisaemoides and A. canis to foxes and brush wolves had shown that these 
larvae made their way to the lungs and there became diplostomula. The 
diplostomula, in turn, made their way to the small intestine and there 
developed into sexually mature adults. This migration and growth appeared 
to be a continuous process; that is, there did not appear to be a resting phase 
during the diplostomulum stage. Consequently, it becomes difficult to decide 
whether diplostomula in the lungs are fully developed. An attempt was 
made to determine this by comparing the largest forms from the lungs with the 
smallest forms from the small intestine (Table XI). The presence of numerous 
calcareous corpuscles in the reserve excretory system, a characteristic of fully 
developed diplostomula, was also used as a criterion of completed development. 
The comparison of the measurements of diplostomula of A. arisaemoides and 
A. canis from the lungs and from the small intestine suggests that the largest 
forms from the lungs, on which the descriptions of the diplostomula were 
based, were fully developed. 

The diplostomulum of A. arisaemoides is of typical form with a foliaceous, 
ventrally concave forebody and a small, rounded hindbody arising postero- 
dorsally (Fig. 66). Measurements of the diplostomula of A. arisaemoides are 
given in Table XI. 

The oral sucker is terminal but its opening is subterminal. The median 
terminal part of the body containing the oral sucker can be protracted slightly. 
Recognizable remnants of the ducts of the penetration glands are usually 
present lateral to the cavity of the sucker. The ventral sucker lacks spines 
and is sunk beneath the body wall as it is in both the cercaria and mesocercaria. 
It can be protruded through the sphincter-controlled opening of the sucker pit. 

The whole of the forebody is covered with fine, closely set spines except 
over the lateral margins of the lappets. The spines are largest anteriorly and 
over the holdfast, become smaller posteriorly, and terminate near the junc- 
tion of forebody and hindbody. 

The lappets, tentacular appendages or auricles are prominent, darkly 
staining areas at the anterior end of the body lateral to the oral sucker. In 
the extended condition, each has a small conical anterior projection. The 
lappets were capable of being almost completely invaginated, thus forming 
what have been called pseudo-suckers or lateral sucking cups (Fig. 67). A 
transverse series of parallel ducts open on the lateral margin of each lappet. 
Medially, the ducts bend posteriad, run posteriorly in each lappet, and then 
spread in the parenchyma of the forebody. It could be seen in whole mounts 
that these ducts arose from small glandular cells, the so-called prosthetic or 
forebody glands, which were evenly distributed in the parenchyma of the fore- 
body between the level of the middle of the holdfast organ and the level of 
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the pharynx (Fig. 66). The contents of the gland cells and of their ducts, 
except the dilated terminal portions, were faintly stained with Mayer’s 
haemalum. Both glands and ducts were stained deep blue with hematin. 
This suggests that the contents contained mucin (35). 

The term “‘prosthetic”’ has been applied by various authors to these glands. 
It is, apparently, a translation of the French word ‘‘prosdétique”’, which is 
used, for example, by Dubois (28). According to the Shorter Oxford English 
Dictionary, the adjective ‘‘prosthetic”’ is derived from the noun ‘“‘prosthesis’’, 
which means (7) the addition of a letter or syllable at the beginning of a word 
and (iz) in surgery, the supplying of deficiencies. Since neither meaning can 
apply to the gland cells in question, it is suggested that the term ‘“‘prosthetic”’ 
be dropped. In its place, the term forebody glands is proposed. This is a 
translation of the term ‘‘Vorderkérperdriisen”, which was applied by Krause 
(51) tothese glands. As an alternative, the term lappet glands suggests itself, 
but this is unacceptable in view of Krause’s finding that some diplostomids 
possess, in addition to forebody glands, small gland cells within the stroma of 
the lappets, the ‘‘Kopfdriisen”’ of Krause. 

The holdfast is an elongate, parallel-sided, densely staining elevated 
structure on the ventral surface which extends from immediately in front of 
the junction of forebody and hindbody almost to the ventral sucker. In a 
few specimens, it exceeded the posterior margin of the ventral sucker dorsally. 
Extending almost the full length of the holdfast is a narrow, median longi- 
tudinal sulcus. The holdfast was sunk in the parenchyma of the forebody, 
with its ventral face projecting in the form of a low mound in most of the 
specimens examined. The anterior end of the holdfast is covered usually by 
a backwardly directed fold of the body wall. The free posterior edge of this 
fold (in 10 specimens) measured 50 (20-70) uw from the posterior margin of 
the ventral sucker. Ina few specimens, the holdfast was protracted ventrally, 
and expanded laterally so that its margins overhung its attachment with 
the forebody. 

A distinct oesophagus is lacking, the gut bifurcating into two caeca almost 
immediately behind the pharynx. Immediately behind the pharynx is a 
powerful sphincter muscle, which can close the lumen completely. The 
thin-walled, somewhat inflated caeca diverge slightly and run posteriad lateral 
and dorsal to the ventral sucker along the dorsolateral edge of the holdfast 
organ into the hindbody, where they terminate with slightly saccate ends 
anterior to the dilated terminal portions of the excretory bladder. In living 
diplostomula, the caeca were filled with a yellowish material which looked like 
a mass of erythrocytes. It will be recalled that the caeca in the mesocercaria, 
whether from a tadpole, snake, bird, or mammal, contained a transparent, 
colorless fluid. 

The genital primordium lies dorsally between the inflated ends of the caeca. 
It has undergone little differentiation and is a round, darkly staining mass. 

It was not possible to work out the reserve excretory system completely, 
because of the small number of diplostomula recovered from the lungs of 
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Fic. 62. Early postmesocercaria, showing elongated caeca, and alveolar appearance of 
penetration glands (camera lucida; ventral view). Fic. 63. Later stage showing early ap- 
pearance of holdfast, elongation of body, and atrophy of the bodies of the penetration gland 
cells (camera lucida; ventral view). Fic. 64. Early diplostomulum, showing growth of 
holdfast, elongation and widening of body, further involution of penetration glands, and 
early appearance of lappets (camera lucida; ventral view). Fic. 65. Later diplostomulum 
showing full length holdfast, further development of lappets and early indication of the 
development of the hindbody (camera lucida; ventral view). Fic. 66. Fully developed 
diplostomulum. Forebody glands and their ducts shown on right side. Note remnants of 
penetration gland duct in oral sucker and fold over anterior end of holdfast (camera 
lucida; ventral view). Fic. 67. Anterior end of diplostomulum showing lappets with- 
drawn in the form of pseudo-suckers (camera lucida). EF, edge of fold over anterior end 
of holdfast organ; GR, genital primordium; HF, holdfast organ; LA, lappet; LS, 
longitudinal sulcus of holdgast organ; VF, ventral lip of spathiform forebody. 
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Fic. 68. Semidiagrammatic dorsal view of the reserve excretory system of the diplo- 
stomulum of A. canis (composite drawing based on sketches of living material; camera 
lucida outline of body from a whole mount). ALB, anterior lateral branch vessel; 
BA, bladder arm; EB, excretory bladder; EP, excretory pore; LPHB, lateral pharyngeal 
branch vessel; MLB, mid-lateral branch vessel; MLV, main lateral vessel; MV, median 
vessel; PAC, postacetabular commissure; PLB, posterior lateral branch vessel; PPHC, 
postpharyngeal commissure; PRAC, preacetabular commissure; TC, transverse 
commissure. 


experimental final hosts. It was possible, however, to determine that the 


major divisions of the reserve excretory system are the same as in the 
diplostomulum of A. canis. 


Diplostomulum of A. canis (Fig. 69) 

The diplostomulum of A. canis has been compared with that of 
A. arisaemoides and has been found to differ from the latter in the following 
respects. A. canis is longer and narrower than A. arisaemoides, an interesting 
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difference since mature adults of A. arisaemoides are considerably larger than 
those of A. canis (Table XI). The oral sucker, pharynx, and ventral sucker 
are larger in A. canis; the oral sucker in A. canis did: not contain any trace of 
penetration gland ducts. The lappets of A. canis are almost twice as long as in 
A. arisaemoides, and differ, also, in form, being prominent auricular extensions, 
typically demarcated from the forebody by a posterior, lateral fold, whereas 
in A. arisaemoides they are, at best, provided with small anterior projections 
and are reminiscent of the condition in members of the genus. Deplostomum. 
The forebody glands.extend posteriorly to the level of the level.of the middle 
of the holdfast in A. arisaemoides, but only to the level. of the anterior end: of 
the holdfast.in A. canis. 

In addition to size, shape, and form of the lappets, a:striking difference: is 
seen in size and extent of the holdfast organ. This organ is not only larger 
(both longer and wider) in A. arisaemoides than in A. canis, but it extends 
almost to the ventral sucker (in some specimens surpassing the posterior border 
of the ventral sucker) in A. arisaemoides whereas it is widely separated from 
this sucker in A. canis. The-distribution of spines is the same in both species, 
but the spines are smaller in A. arisaemoides. 

The diplostomulum of A. canis has a more highly differentiated genital 
primordium which is divided into four elements (Fig. 70). The examination 
of a series of developing adults (whole mounts) suggests that these elements 
are, from anterior to posterior, the rudiments of (7) the female organs, (zz) the 
anterior testis, (ii7) the posterior testis, and (iv) the seminal vesicle and 
ejaculatory duct. There was no indication of the genital pore or of the 
genital bursa. 

A tremendous increase in the number of flame cells occurs during develop- 
ment of the diplostomulum. The complete pattern was not worked out 
owing to limited material and other difficulties encountered. The terminal 
portions of the bladder arm undergo considerable development, as can be 
seen by comparing Fig. 61, which shows the mesocercarial bladder, with 
Fig. 69, which shows the bladder in the diplostomulum. The simple, dilated 
portion of the bladder arm of the mesocercaria has been modified by (2) 
dilatation of a subterminal segment (EB), (zz) forward and medial growth of 
a medial outgrowth, and (ziz) the differentiation of a sphincter (SPH) between 
the body of the bladder and the bladder arm. 

The reserve excretory system, so characteristic of strigeate metacercariae 
and adults, is foreshadowed in both the mesocercarial and cercarial stages in 
the blind, anteriorly directed tubule arising from the anterior loop of each 
bladder arm. This pair of tubules, by growth and division, gives rise to the 
reserve system. In the diplostomulum, the junction of this tubule (MLV) 
with the bladder arm (BA) is the only connection between the reserve and the 
protonephridial parts of the excretory system. The reserve excretory system 
of the fully developed diplostomulum is shown in Fig. 68. The anterior blind 
tubules of the cercaria and mesocercaria have grown forward as the main 
lateral vessels (MLV) to the anterior ends of the lappets. Medially, each 
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main lateral vessel gives rise to a postacetabular (PAC), a preacetabular 
(PRAC), and a postpharyngeal (PPHC) commissure. Laterally, each main 
lateral vessel gives rise to a large posterior lateral branch (PLB), a median 
lateral branch (MLB), and an anterior lateral branch (ALB). Running 
posteriorly from the postpharyngeal commissure is the median vessel which 
joins the preacetabular commissure, runs dorsal to the ventral sucker, joins 
the postacetabular commissure, and then continues posteriorly, ending in a 
series of ramifications anterior to the holdfast. An anteriorly directed lateral 
pharyngeal branch (LPHB) arises from the postpharyngeal commissure on 
each side between the median and the lateral vessels. The median vessel 
and the above-mentioned branches give rise to ‘‘trees’’ of smaller divisions 
which end blindly in small spherical pockets, each of which contains a 
calcareous granule. The posterior lateral branch of the main lateral vessel 
gives rise laterally to subdivisions terminating in pockets with calcareous 
granules and medially to a series of seven to nine transverse commissures 
(TC) which run dorsal to the bladder arms and the holdfast organ, in addition 
to a few small ‘‘trees’’ ending in blind pockets. These transverse commissures 
were not as distinct as the other vessels of the reserve system and were out- 
lined by bands of small globules of various sizes, which appeared to lie outside 
the commissure walls. A tubule of similar appearance ran apparently from 
the posterior end of the median vessel, dorsal to the holdfast and ventral to 
the transverse commissures, back to the hindbody where it divided into two 
branches which terminated dorsal to the body of the bladder. Another 
tubule of similar granular appearance joined the two ends of the posterior 
lateral branches ventrally across the developing ventral lip of the concavity 
of the forebody. 

Among the larger divisions such variations were observed as (7) one and 
three commissures in the region of the ventral sucker, (i) two postpharyngeal 
commissures, (iii) postpharyngeal commissure incomplete on one side, and 
(w) lateral branches absent, or (v) supernumerary lateral branches present. 
However, the plan described and figure was the most common. 


Comparison 

The diplostomula of A. mustelae, as described by Bosma (7), and A. inter- 
media, as described by Odlaug (70), are similar in most respects except the 
state of development of the genital primordium and so they may be considered 
together in this comparison. These two species differ from A. canis and 
A. arisaemoides in (i) being smaller (cf. Tables XI and XII), (i) having a 
proportionally much larger hindbody, (iz) having the lateral edges of the 
forebody reflexed ventrally, which condition is found in the adults of 
A. arisaemoides and A. canis, (iv) having the lappets typically withdrawn in 
the form of lateral sucking cups or pseudo-suckers, (v) having the medial 
outgrowths of the bladder arms united, (vi) having calcareous corpuscles 
dorsal to, or within (A. intermedia), the holdfast organ, and (viz) lacking 
transverse commissures. between the posterior lateral branches of the reserve 
excretory system. 
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TABLE XII 
MEASUREMENTS (4) OF ALARIID DIPLOSTOMULA 


A. mustelae A. intermedia 
from Bosma (7) from Odlaug (70) 


No. measured 


Total length 
width 


10, 
613 (492-716) 


640 (460-890) 
510 (460-640) 


Hindbody length 153 ie — 
width 168 (134-196) _ 
Oral sucker length 75 (62-89) 67 eon 
width 68 (62-71) 58 (42-67) 
Pharynx length 70 (62-89) 60 (42-67) diameter 
width 53 (44-62) 
Ventral sucker length 60 (53-62) 
width 65 (62-71) 


Holdfast length 163 (134-196) 150 (100-210) diameter - 
width 102 (80-116) 


57 (50-59) diameter 


*From lung of mink. 


The diplostomulum of A. marcianae was recovered from experimental hosts 
by Cuckler. This stage is not described (or figured) in Cuckler’s published 
accounts (23, 25) but is described briefly in his thesis (24). The diplostomulum 
of A. alata has not been recovered or described. As has been suggested in the 
discussion of the life cycles, this stage probably occurs in the lungs of final 
hosts; the lungs were not examined by those who fed mesocercariae of A. alata 
to final hosts (81, 77, 90). 


Discussion 

To the writer’s knowledge, no one has called attention to the essential 
similarity of the reserve excretory system of adults of the genera Alaria and 
Diplostomum to that of metacercariae of the larval group Neascus Hughes, 
1927 (40). By extending this comparison to include other diplostomula, the 
patterns of the reserve excretory systems of diplostomid metacercariae may 
be arranged in the following order of increasing complexity. 

Group I: The pattern is simple in Diplostomulum ranae Cort and Brackett, 
1938 (18) and in the diplostomulum of Pharyngostomum cordatum (102), with 
only one commissure between the two halves of the system. 

Group II: The pattern is slightly more complex in Diplostomulum browni 
(44), D. gigas (46) (the diplostomulum of Diplostomum flexicaudum), 
D. scheuringt (45), D. emarginatae (74) and the diplostomula of Diplostomum 
spathaceum (44), Diplostomum micradenum (71), Fibricola texensis (21), Alaria 
mustelae (7), and A. intermedia (70). This group is characterized by having 
(2) at least two commissures joining the two halves of the system with each 
other and with a median longitudinal vessel, and (iz) a prominent posterior 
lateral branch arising immediately anterior to the posterior transverse 
commissure. 
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Group III (Fig. 69): The pattern in the diplostomula of A. canis and 
A. arisaemoides is further complicated by (7) trarisverse commissures dorsal 
to the holdfast between the two posterior lateral branches, (77) a commissure 
across the ventral lip of the forebody between the two posterior lateral branches, 
and (iz) a posterior extension of the median longitudinal vessel which 
bifurcates in the hindbody. 

Group IV: This: group is characterized by the presence of numerous 
anastomoses in the forebody, and, in some cases, in the hindbody. Unlike 
the condition in Groups I-III wherein the calcareous corpuscles are in blind, 
terminal outpouchings, they are free in the vessels in Group IV. This group 
contains those species whose metacercariae belong to the larval group Neascus. 
It includes such forms as Posthodiplostomum minimum (see Neascus van-cleavet 
(41) ); Ornithodiplostomum ptychocheilus (see Neascus ptychocheilus (47) ); 
Uvulifer ambloplitis (40); and Crassiphiala bulboglossa (see Neascus bulboglossa 
(42) ). 

When the ontogeny of the reserve excretory system in both diplostomulum 
and adult is considered, the possible relationships of the above groups are 
evident. The pattern of the reserve excretory system in Group I is similar 
to that of developing stages of the system in the diplostomulum of Diplostomum 
micradenum (71) and of Alaria mustelae (7). Again, the pattern in Group II 
is similar to that seen in developing diplostomula of A. canis. Also, the adult 
condition in A. mustelae, A. canis, Crassiphiala bulboglossa (97), and 
Diplostomum flexicaudum (98) is similar to that in metacercariae of the Neascus 
type. From this it would appear that the various patterns of the reserve 
excretory system in the metacercariae of diplostomids represent various 
arrested stages in the development of the anastomosing network of vessels 
characteristic of the adult condition. 

As a corollary of this, it would be expected that with additional knowledge 
clear-cut differences between the larval groups, as, for example, between 
Diplostomulum and Neascus, as defined by Hughes (40), may disappear with 
the discovery of metacercariae with reserve excretory systems of the inter- 
mediate types. This should not be taken as suggesting that the study of 
metacercarial reserve excretory systems will become of less value if inter- 
mediate types are found. On the contrary, it is to be expected that with 
more knowledge of the patterns and ontogeny of the reserve system that one 
will be better able to predict the genus to which a new metacercaria belongs. 


Adult 


Development of the Adult from the Diplostomulum in A. canis 

This account is based on the examination of a series of developing adults 
from the small intestine of an experimentally infected fox and fully developed 
adults from an experimentally infected wolf. Worms were studied alive and 
in stained whole mounts. 

Early in the development of the adult, the hindbody grew more rapidly 
than the forebody, so that the proportions of fore- and hind-bodies rapidly 
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approached those of the adult. In addition, the lateral margins of the 
forebody curled ventrally, giving the forebody its adult, spathiform appearance, 
and at the same time the holdfast organ elongated. 

The first internal change observed was in the lappets. The forebody gland 
cells, which had been seen with difficulty in diplostomula from the lungs, were 
prominent in the forebody parenchyma dorsally. They appeared in whole 
mounts as rounded cells full of finely granular (or alveolar) material. This 
material was not seen in the lappets of diplostomula from the lungs, but filled 
the dilated ducts in the lappets of the youngest forms from the small intestine, 
forms which did not differ in size and proportions from diplostomula dissected 
from the lungs. The observations suggest that the lappets did not function 
while diplostomula were in the lungs but were functioning by the time 
diplostomula had reached the small intestine. The function of lappets is an 
open question; Van Haitsma (98) considered them to be the chief organs of 
attachment in Diplostomum flexicaudum. 

The calcareous granules of the diplostomulum disappeared early in the 
development of the adult. Faint bands of small granules appeared throughout 
the forebody, connecting adjacent branches of the reserve excretory system 
of the diplostomulum. These bands were similar in appearance to those of 
the transerve vessels dorsal to the holdfast. In later stages, these bands had 
developed into open channels (tubules) connecting adjacent branches of the 
reserve excretory system. Thus, the blindly ending subdivisions of the 
reserve excretory tubules of the diplostomulum became connected into a 
reticulum of anastomosing vessels in the developing adult. A regular series 
of transverse connections developed between the bladder arm and the posterior 
lateral vessel on each side, and between the median and the lateral vessels. 
Elsewhere in the forebody, the connecting tubules were irregularly disposed. 
The transverse commissures dorsal to the holdfast had become greatly 
enlarged. The posterior extension of the median vessel, which ran dorsal 
to the holdfast and ventral to the transverse commissures in the diplostomulum, 
had apparently developed into a pair of vessels dorsolateral to the holdfast. 
These latter vessels were connected with the transverse commissures by short, 
medially directed, dorsal vessels. The longitudinal and transverse vessels 
together probably account for the appearance of paired cavities in the holdfast, 
a condition described by several authors for A. alata (51), by Hall and Wigdor 
(36) for A. americana, and observed in whole mounts of A. canis in the present 
study. In the hindbody, an extensive, connected series of lacunae developed 
between the internal organs and the body wall. Numerous strands of 
parenchyma crossed these spaces from the internal organs to the body wall. 
This account agrees generally with Bosma’s (7) detailed description of the 
development of the anastomosing reserve excretory system of the adult 
of A. mustelae. 

The genital primordium of the diplostomulum of A. canis (Fig. 70) began 
to differentiate early in the development of the adult. Outgrowths, probably 
the beginnings of the uterus, appeared first at the anterior end of the 
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Fic. 69. Posterior end of diplostomulum of A. canis showing a part of the 
protonephridial system, bladder, and genital primordium. Fic. 70. Diplostomulum of 
A. canis, lateral view showing genital rudiment and form of the body (camera lucida). 
Fic. 71. Developing adult of A. canis, lateral view of hindbody showing formation of 
genital bursa and differentiated ovary, uterus (descending limb), testes and ejaculatory 
duct (camera lucida). Fic. 72. Young adult of A. canis, lateral view of hindbody showing © 
all components of reproductive system (camera lucida). BA, bladder arm; CA, caecum; 
EB, excretory bladder; EJD, ejaculatory duct; EP, excretory pore; GB, genital bursa; 
GEC, genital cone; HF, holdfast organ; LNC, lateral nerve cord; MG, Mehlis’ gland; 
_ OV, ovary; PCT, posterior collecting tubule; SPH, sphincter; SV, seminal vesicle; 
TA, anterior testis; TP, posterior testis; UT, uterus; VC, vitelline cell; VR, vitelline ' 


« reservoir. 





PLATE I 


Fic. 73. Shells of Planorbula armigera, snail host of A. arisaemoides. Photograph by 
Mr. C. G. Smith. Fic. 74. Shells of Promenetus exacuous, snail host of A. arisaemoides. 
Photograph by Mr. C. G. Smith. Fic. 75. Shells of Heltsoma trivolvis, snail host of A. 
canis. Photograph by Mr. C. G. Smith. Fic. 76. Shells of Helisoma campanulatum, 
snail host of A. canis. Photograph by Mr. C.G. Smith. Fic. 77. Lung ofa fox, Vulpes 
fulva, showing superficial abscesses which contained diplostomula of A. canis. Fic. 78. 
Adults of A. arisaemotdes in situ, attached to the wall of the jejunum of a fox, Vulpes 
fulva. Natural infection. Note that worms formed a single clump in the intact gut. 
Fic. 79. Adult of A. artsaemoides together with flap of gut wall which adhered closely 
to the holdfast organ of the worm in situ. 
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primordium. By the time that the hindbody had increased in length by about 
four times and the lateral margins of the forebody had folded in ventrally, 
giving the worm an adult appearance, the reniform ovary (OV) was separate 
from the rest of the developing organs, the descending limb of the uterus (UT) 
was visible, and the posterior testis (TP) had become wider, consisting of two 
lateral lobes jointed by a narrower dorsal band. At the same time Laurer’s 
canal and Mehlis’ gland were recognizable. There was no indication of the 
genital pore at this stage. After most parts of the reproductive system had 
become. recognizable, the genital bursa, cone, and pore developed. At first 
the genital bursa (GB) was a dorsal, subterminal invagination with a central 
elevation, the future genital cone (Fig. 71). By the time the genital bursa 
and cone (GEC) had developed, the testes were beginning to show lobing, the 
seminal vesicle (SV) was small, but recognizable, the wall of the ejaculatory 
duct (EJO) was muscular, the first vitelline follicles (VC) were present in the 
forebody, and a small vitelline reservoir (VIR) was present between the testes 
(Fig. 72). Subsequently, the vitelline follicle increased in the forebody, the 
vitelline reservoir became larger, the coils of the seminal vesicle became 
dilated, the ejaculatory duct elongated until it reached the level of the middle 
of the posterior testis, and the parenchyma in the dorsal lip of the mouth of 
the bursa became deep-staining with a glandular appearance. Eggs, in small 
numbers, were present in worms about 2.0 mm. long. Full grown adults 
averaged 3.2 mm. long (54). 


Egg Production of A. canis 

The following estimate of the number of eggs passed in one day by a single 
adult of A. canis is based on fecal egg counts for two consecutive days from 
a dog which was found to contain nine adults of A. canis (see life cycle). The 
stools were collected early in the course of the infection, on the 12th and 13th 
day after the first appearance of eggs in the feces. The average of three 
counts for each day suggests that a single adult produces about 150 to 250 eggs 
each day and gives an indication of the rate of maturation of the shell of the 
egg in utero. The dissection of several adults revealed that there were never 
more than 50 eggs in all stages of development in the uterus, and usually 
25 eggs or less. It would appear, then, that the eggs of A. canis remain in 
the uterus for less than one day. 


Distribution in Intestine 

The examination of naturally infected foxes and wolves revealed that the 
adults of A. canis were scattered over the wall of the duodenum whereas the 
adults of A. arisaemoides were usually in a single, dense clump attached to the 
wall of the jejunum, approximately one-third of the distance from the pylorus 
to the caecum (Fig. 78). Adults of A. canis were not firmly attached to the 
gut wall, whereas those of A. arisaemoides were firmly attached by the holdfast 
organ to a flap of gut wall (Fig. 79). The nature and formation of ‘this flap 
were described by Augustine and Uribe (1). 
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